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PROSTANOIC ACID INTERMEDIATES 

BACKGROUND OF THE INVENTION 

1.. Field of the Invention 
The invention relates to prostaglandin derivatives. 

More particularly, this invention relates to 9,15-diox 
ygenated derivatives of prost-l3-enoic, prosta-4,l3 
dienoic and prosta-5,l3-dienoic acids having lower 
alkyl substituents, to homologs thereof, to intermedi 
ates used in their preparation and to a process for pre 
paring these compounds. 

2. Description of the Prior Art 
A prostaglandin (PG) is a naturally occurring C-20 

fatty acid. The natural prostaglandin molecule contains 
a cyclopentane nucleus withtwo side chains in trans 
con?guration. The fundamental structure is,,called 
prostanoic acid and is conventionally represented as 
follows: 

The chemistry and pharmacological effects of the 
prostaglandins have been the subject of several recent 
reviews; for example‘, see E. W.'Horton, Physiol. Rev, 
49, 122 (1969), J. F. Bagli in “Annual Reports in Me 
dicinal Chemistry, 1969", C. K. Cain, Ed., Academic 
Press, New York and London, 1970, p. 170, and J. ‘E. 
Pike in “Progress in the Chemistry of Organic Natural 
Products", Vol. 28, W. Herz, et al. Eds., Springer Ver 
lag, New York, 1970, p. 313... i f 
The pharmacological effects known to be associated 

with the prostaglandins relate to the reproductive, car 
diovascular, respiratory, gastrointestinal and renal sys 
tems. 
Due to the increasing interest in these natural.prod-_ 
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ucts a rather extensive effort hasbeen given recently to 'l 
the synthesis of, prostaglandinsfand their‘ analogs. ln-_, 
cluded among these syntheses are several synthetic“ 
methods for the preparation of,9,,il'5-dioxyge_nated,de- " 
rivatives of. prostanoic or prostl13-enoic acid.For ex 
ample, the synthesis of the first pharmacologically ac- ' 
tive 9,15-dioxygenated prostanoic acid derivative,” 
96,1SE-dihydroxyprost-l 3¢enoic ,acid, ( l 1-desoxypros-, 
taglandin F1) was reported in detail by J. F.'Bagli, T. 
Bog‘ri and R. Deghengi, Tetrahedronv Letters, 465 

45 
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Amer. Chem. Soc. 94, 7823 (1972), A. F. Kluge, et al., 
J. Amer. Chem. ‘Soc., 94, 9256 (1972), and N. A. 
Abraham, Tetrahedron Letters, 451, 1973. 
More recently, Bagli and lBogri have extended the 

scope of their processes for preparing 9,15-diox 
genated derivatives of prostanoic acid to include the 
preparation of 9-oxo-l5-hydroxy prostanoic acid deriv 
atives having an‘alkyl substituent at position 15, U.S. 
Pat. No. 3,671,570, issued June 20,, 1972. These 15 
alkyl derivatives possess hypotensive, antihypertensive, 
bronchospasmolyticand gastric acid secretion inhibit 
ing properties, as well as inhibiting the aggregation of 
platelets and promoting the disaggregation of aggre 
gated platelets. 

lt is noteworthy that the synthetic 9,15-dioxygenated 
prostanoic acid derivatives described above possess a" 
number of the biological activities of the natural com 
pounds although they lack the ,ll-hydroxyl of the lat 

' ter. » 

2O 9. In the natural series attention has‘been focused re 
cently on certain IS-methyland 16,16-dimethyl deriva 
tives. - ' . 

~l5 -Methyl PGFm and lS-methyl PGEZ methyl es 
ters have been reported to interrupt pregnancy in the 
rhesus monkey and in the human. K. T. Kirton et al., 
Ann. N.Y. Acad.tSci., 180, 445(1971). Furthermore, 
‘i5(R)-methyl and >l5(S)-methyl PGEZ has been re 
ported to inhibit gastric secretion, see Medical World 
News, Oct. 20, 1972, p. 70M. Likewise, 16,16-dimethyl 
PGE2 methyl ester has beentdescribed as effective in 
inhibiting gastric acid secretion, Chemistry, ad Engi 
neering News, Oct. 16, 1972., p. 12. 

It is worth noting at this point that the natural PGE,, 
PGEz', PGFm and PGFM do have the disadvantage 
of being relatively unstable, see T. O. Oesterling, et al., 
J. Pharm. Sci., 61, 1861 (1972). For example, it is well 
known that the ll-hydroxy group of PGE1 and PGE2 
participates readily in dehydration reactions under 
both basic and acidic conditions, see S. Bergstrom et 
‘al., Biol. Chem. 238, 3555 (1963'), E. J. Corey et al., J. 
‘Amer. Chem. Soc, 90, 3245 (1968), J. E. Pike et al., J. 
‘Org. Chem. - 3552 (1969) and “4Prostaglandins, 
Progress in Research’--’, SfMJ-M. Karim, Ed., Wiley 
lhterscience, New York, 1972, p. 10.‘ ‘ 1 
As realized by those skilled in the art this inherent 

disadvantageof the natural-compounds must always be -. 
I’ taken into account when considering the practical as 

50 

(1966). A signi?cant simpli?cationand modificationpf , 5 
that process was described by Bagli and Bog'ri in US. 
Pat. No. 3,455,992, issued July 15,1969, whereby 

logs thereof wereobtained, see also Bagli and Bogri, 
Tetrahedron Letters, 5 (1967). V > _ 

Further improvements in vthe synthesis of 9,15-diox 
ygenated derivatives of prostanoic acid have been de 
scribed byv-Bagli and Bogri in ‘Tetrahedron Letters, 
1639 (1969) and German"O'ffenlegungsschrift No. 

‘95,15?-dihydroxyprost-l3-enoic acid as well as homo- ‘ 
55 

pects of preparation,“formulation of storage of these 
‘compounds. In contrast, the compounds of the present 
‘invention are free‘from this‘disadvantage. 

In vbrief, although l5-alkylated derivatives of both the 
9,15-dioxygenated derivatives of prostanoic acids, i.e. 
‘l l-deoxyprostaglandins, and the 15- and l6-alkylated 
“derivatives of natural prostaglandins have been de 
scribed as exhibiting effects on the gastrointestinal sys 

‘ tem, and although certain methyl esters of the 15 

60 

1,953,232, published Apr. 30,1970, and in Britishv Pat. 
Specification No. 1,097,533,_published Jan. 3, 1968. . 
Other recentsynthesis of. 9,15-dioxygenated deriva 

tives are reported in Belgian Pat. No. 766,521, pub 
lished Nov. -3, 1971, P. Crabbe and A. Guzman, Tetra-, 
hedron Letters, 115 (1972), M.-P. L. Caton, et al.,Tet 
rahedron Letters, 773 (1972), C. J. Sih, et al.,Tetrahe-a 
dron Letters, 2435 (1972), F. S. Alverez, et al., J. 

alkylated natural derivatives have been described‘ as 
having effects on the reproductive system, it would ap 
pear that the latter effects have never been associated 
.with 15- and/or 16-alkyl analogs of the 9,15-diox 
ygenated derivatives. I 
vlt is the purpose of the present application to disclose 

' . the discovery of certain’stable l5-alkylated and/or 16 
1. alkylated derivatives of the 9,15-dioxygenated deriva 

65 ’ 

regarding effects on the reproductivesystem. More 
- speci?cally, the compoundsof this invention are effec 

tives of prostanoic acid having unexpected high activity 

tive agents for inducing abortion and for synchroniza 
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tion of estrus and regulation of ovulation in animals. a reagent known to be effective for converting a hy 
droxy group of known compounds to ‘a protected hy 

SUMMARY OF THE INVENTION droxy group, to obtain the corresponding compound of 
vThe compounds prepared by the process of this in- formula 4 in which L is the said radical A, R2, R3, R4 

vention are represented by formula 1: 5 and n are as defined herein and R7 is a radical suitable 
' ' for ‘protecting a hydroxy group. 

Y Thereafter, the instant compound of formula 4 is 
X CH Z (CH )COoRl treated with a malonic ester derivative of formula 5 

Q 2- — 2 m l 

in which R‘ and R8 each are lower alkyl and Z and m 
are as defined herein, in thepresence of a base whereby 
the compounds of formulae 4 and 5 undergo a base cat 
alyzed condensation to give the corresponding cy 
clopentanonetriester of formula 6, ‘ 

in which m is an integer from O to 2, nis an integer from 
2 to 5, X and Y together represent oxo, or X represents 
hydroxy and Y is hydrogen, Z represents the radical 
—(CH2)3—, cis-CH=CH—CH2-- or cis-CH2—CH=)\ 
CH—, R‘ is hydrogen or lower alkyl and R’, R3 and R‘ 20 
each are hydrogen or lower alkyl with the provisos that 
at least one of R2, R3 or R4 is lower alkyl and at least 0 COORB } 

one of R‘, R3 or R‘ is hydrogen. " cn,-z_<cll,),,coolv?, 
Among the preferred compounds of this invention Rsooc_ - 

are the compounds of formula 1 in which m is the inte- 25 
ger 2 and n is the integer 3. a ‘ CH=CH-C—CR“R‘—(CH,),,CH, 6 

The compounds of formula l‘are prepared by a pro- R,O/ ‘\R, 

suitable'for protecting a hydroxy group and Z and m 

cess in which the starting material is the aldehyde of 
for lL-CHO 2' h'hL‘th d' lA,B c; ’ ' ‘ ~ ., mu a ( ) m w ‘c ‘S e m ‘ca or 30 ‘n which ms '1, Z, R2, R“, R", R5 and R8 are as defined 

A ,. B_ " c 

h ' R‘ dR“ h l lkl‘,R°' d' l _ . _ . , _ I w erem an eac are ower a y ‘s a m ‘ca herelnbefore, R‘ ISJOWCI‘ alkyl and R7 ls hydrogen or a 

I radical suitable for protecting a hydroxy group; fol 
v lowed, when R" is'a radical suitable for protecting a hy 
droxy group, by treating the last-named cyclopeni 
tanonetriester of formula '6_ with an agent known to be 

In the case where L of the aldehyde of formula effectivefoliremoving-sa‘d P'mes??gémql’ to'obm‘“ 
L-CHO is radical A, the aldehyde is treated with a ‘he cd'respdnding c°mP°.""d °f f°""“‘a 6 1" which R’ 

. .1 . ' hydrogen. 
Wlttl rea ent of the formula (AlkO) POCH coca3 '8 , a ». . - y , . 

R‘—(gCH:,,CH3 in which Alk is an alkyi contaiihing one _The mm“?! compound of formula 6 ‘S. “9w treated 
to three carbon atoms and R3, R4'and n are as de?ned 50 wlth a base ln the presence of water to glve the corre 

. t . th d. . d f sponding keto compound of formula 1 which m,'n,' Z, 
islg?glgegore o obtam e correspo'n mg compoun 0 R2, R3 and R‘, are as defined herein, X and Y together 

L_¢H=CHCOCR=R¢_((;|-|2)"C|-|a (3) _ are oxo and R‘ is hydrogen: thereafter, and if desired, 
_. _ the last-named compound is treated with a lower alka 

in which L, R", R4 and n are as defined hereinbefore; 55 nol containing one to three carbon atoms in the pres 

are as de?ned hereinbefore. 
Depending on‘the nature of L of the aldehyde of for 

mula L-CHO, the process of this invention is elabo- 45 
rated in the following manner: 1 

the last-named compound of formula 3 is then treated ence Of an acid catalyst to obtain the corresponding 
with a metal borohydride or a lower alkyl magnesium ester derivative of formula i in which m, vn, Z, R2, Ra 
halide to give the corresponding compound of formula and R‘ are as de?ned herein, X and Y together‘are oxo 
4 v and R‘ is lower alkyl. ' ' - 

‘60 Alternatively, in the case‘ where L of the aldehyde of 
(4) formula L-CHO is radical B, the aldehyde is-treated 

with the above Wittig reagent of formula (AlkO )2. 

containing 1 to 3 carbon atoms and R", R‘ and n are as 

in which L is the radical A as defined herein, R“, R4 and 65 defined hereinbefore, to obtain the corresponding 
n are as defined herein, R’ is hydrogen and R’ is respec- compound of formula 3,-noted above, in which L is, the 
tively hydrogen or lower alkyl; optionally followed by radical B as defined hereinbefore'and R“, R‘ and n are 
treating the compound of formula 4,‘ so obtainedpwith - as defined hereinbefore. ‘ > 
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Thereafter the compound of formula 3 is treated with 
either a metal borohydride or a lower alkyl magnesium 
halide to give the corresponding compound of formula 
4, as noted above, in which L is the radical B as de?ned 
herein, R3, R“ and n are as defined herein, R7 is hydro 
gen and R2 is respectively hydrogen or lower alkyl, fol 
lowed by subjecting the latter compound to conditions 
known to be effective for removing‘the radical suitable 
for protecting a hydroxy group of known compounds, 
to give the corresponding compound of formula 1 in 
which m, n, Z, R”, R3 and R4 are as defined herein, X is 
hydroxy, Y is hydrogen and R‘ is lower alkyl. 
Thereafter, and if desired, the last-named compound 

of formula 1 in which R2 is lower alkyl is treated with an 
oxidizing agent to afford the corresponding keto com» 
pound of formula 1 in which m, n, Z, R3 and R4 are as 
de?ned hereinbefore, R‘ and R2 are lower alkyl and X 
and Y together are oxo. 
Again alternatively, in the case where L of the alde 

hyde of formula L—CHO is radical C, the aldehyde is 
treated with a Wittig reagent of the formula (Alk0)2. 
POCH2COCR3R4—(CI-I2),,CI-I3 in which Alk is an alkyl 
containing 1 to 3 carbon atoms, R3 and R4 each are'hy 
drogen or lower alkyl with the proviso that at least one 
of R3 or R4 is lower alkyl and n is as de?ned hereinbe 
fore, to obtain the corresponding compound of formula 
3 noted above, in which L is the radical C as de?ned 
hereinbefore and R“, R‘1 and n are as de?ned hereinbe 
fore. 

Thereafter, the instant keto compound of formula 3 
is converted to a corresponding ketal derivative, viz., 
the compound of formula 3 in which L is the radical D: 

0 O 

D 

in'whi‘ch‘ Z and m are as de?ned hereinbefore and R1 is 
lower alkyl, by treating said keto compound with ethyl 
ene glycol in the presence of an acid catalyst. 
The ketal derivative of formula 3 is now treated with 

a metal borohydride to give the corresponding com 
pound of formula 4, noted above, in which L is the said 
radical D, R”, R4 and n ‘are as de?ned herein, R2 is hy 
drogen and R’ is hydrogen; followed by treating said 
last-named compound with an acid in the presence of 
water to obtain the corresponding compound of for 
mula l. 
Thereafter, if desired, the aforementioned ester com 

pound of formula 1 in which R1 is lower alkyl, obtained 
by any of elaborations of the process noted above, is 
converted to its corresponding free acid, a compound, 
of formula 1 in which R‘ is hydrogen, by treatment with 
a base in the presence of water. 
Likewise, if desired, the aforementioned keto com 

pound of formula 1 in which X and Y together are oxo, 
obtained by any of the elaborations of the process 
noted above, is treated with a complex borohydride to 
give the corresponding compound of formula 1 in 
which X is hydroxy and Y is hydrogen. 
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6 
DETAILS OF THE INVENTION 

The numbering system applied to the compounds of 
this invention, as used hereinafter, refers to the (u 
cyclopentyl(lower)alkanoic acid nucleus. 
A feature of this invention is that the process de 

scribed herein leads to the compounds of formula 1 in 
which the two side chains are in the trans configuration 
characteristic for the natural prostaglandins. Also, like 
the natural prostaglandins a double bond in the acid 
side chain of the compounds of this invention has the 
cis configuration and the double bond in the side chain 
bearing the hydroxy group has the trans con?guration. 
Notwithstanding the preceding considerations the 

compounds of this invention having one or more asym 
metric carbon atoms can exist in the form of various 
stereochemical isomers. More speci?cally, the com 
pounds are produced as a mixture of racemates. These 
mixtures result from the asymmetric centers bearing a 
hydroxyl group and can be separated into pure race 
mates at appropriate stages by methods well known in 
the art, for example, see below. If desired, the race 
mates can be resolved into enantiomorphs also by 
known methods. It is to be understood that such race 
mates and enantiomorphs are included within the 
scope of this invention. 
Furthermore, it is to be understood that the pictorial 

representations used herein illustrating the compounds 
of this invention, are 'to be construed as including such 
racemates and enantiomorphs. For example, in formula 
1 the dotted line joining the acid side chain to the cy 
clopentane ring and the solid line joining the side chain 
bearing the hydroxy group are used for the purpose of 
illustrating the trans relationship of these two side 
chains and should not be construed as limiting the com 
pounds to one enantiomorph but rather as including all 
possible enantiomorphs having this trans relationship. 
Also included within this invention are the pharma 

ceutically acceptable salts of the acids of formula 1 in 
which R1 is hydrogen. The latter compounds are trans 
formed in excellent yield into the corresponding phar 
maceutically acceptable salts by neutralization of said 
latter compoundswith the appropriate inorganic or or~ 
ganic base. The relative stability of the acid facilitates 
this transformation. The salts possess the same activi 
ties as the parent acid compounds when administered 
to animals and may be utilized in the same manner. 
Suitable inorganic bases to form these salts include, for 
example, the hydroxides, carbonates, bicarbonates or 
alkoxides of the alkali metals or alkaline earth metals, 
for example, sodium, potassium, magnesium, calcium 
and the like. Suitable organic. bases include the follow 
ing amines: lower mono-, di- and trialkylamines, the 
alkyl radicals of which contain up to 3 carbon atoms, 
such as methylamine, dimethylamine, trimethylamine, 
ethylamine, di- and triethylamine, methylethylamine, 
and the like; mono-, di- and trialkanolamines, the alka 
nol radicals of which contain up to 3 carbon atoms, 
such as mono-, di- and triethanolamine; alkylene-dia 
mines which contain up to 6 carbon atoms, such as 
hexamethylenediamine; cyclic saturated or unsaturated 
bases containing up to 6 carbon atoms,’ such as pyrroli 
dine, piperidine, morpholine, piperazine and their N 
alkyl and N-hydroxyalkyl derivatives, such as N-meth 
yl-morpholine and N-(2-hydroxyethyl)-piperidine, as 
well as pyridine. Furthermore, there may be mentioned 
the corresponding quaternary salts, such as the tetraal 
kyl (for example tetramethyl), alkyl-alkanol (for exam 
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ple methyl-triethanol and trimethyl-monoethanol) and 
cyclic ammonium salts, for example the N-methyl 
pyridinium, N-methyl-N-(2-hydroxyethyl)-pyr 
rolidinium, N,N-dimethylmorpholinium, N-methyl-N 
(2-hydroxyethyl)morpholinium, N,N-dimethyl 
piperidinium and N-methyl-N-(2-hydroxyethyl) 
piperidinium salts, which are characterized by an espe 
cially good water-solubility. In principle, however, 
there can be used all ammonium salts which are physio 
logically compatible. 
The transformations to the salts can be carried out by 

a variety of methods known in the art. For example, in 
the case of the inorganic salts, it is preferred to dissolve 
the selected acid in water containing at least an equiva 
lent amount of a hydroxide, carbonate, or bicarbonate 
corresponding to the inorganic salt desired. Advanta 
geously, the reaction is performed in an inert organic 
solvent, for example, methanol, ethanol, dioxane, and 
the like. For example, such use of sodium hydroxide, 
sodium carbonate or sodium bicarbonate gives a solu 
tion of the sodium salt. Evaporation of the water or ad 
dition of a water-miscible solvent of moderate polarity, 
for example, a lower alkanol or a lower alkanone gives 
the solid inorganic salt if that form is desired. 
To produce an amine salt, the selected acid is dis 

solved in a suitable solvent of either moderate or lower 
polarity, for example, ethanol, acetone, ethyl acetate, 
diethyl ether and benzene. At least an equivalent 
amount of the amine corresponding to the desired cat 
ion is then added to that solution. If the resulting salt 
does not precipitate, it can usually be obtained in solid 
form by addition of a miscible diluent of low polarity, 
for example, benzene or diethyl ether or by evapora 
tion. If the amine is relatively volatile, any excess can 
easily be removed by evaporation. It is preferred to use 
equivalent amounts of the less volatile amines. 

Salts wherein the cation is quaternary ammonium are 
produced by mixing the selected acid with an equiva 
lent amount of the corresponding quaternary ammo 
nium hydroxide in water solution, followed by evapora 
tion of the water. . 

The term “lower alkyl” as used herein contemplates 
straight chain alkyl groups containing from one to three 
carbon atoms and includes methyl, ethyl and propyl. 
The term “complex borohydride” as used herein 

contemplates the metal borohydrides, including so 
dium borohydride, potassium borohydride, lithium bor 
ohydride, zinc borohydride and the like, and metal 
trihydrocarbylborohydrides including lithium 9-alkyl 
9-borabicyclo[3,'3,l]nonylhydride, in which the alkyl 
contains one to seven carbon atoms, preferably lithium 
9-tert-butyl-9-borabicyclo[ 3 ,3,l ]nonylhydride, pre 
pared according to the procedure described in German 
Offenlegungsschrift 2,207,987, published Aug. 31, 
1972, lithium diisopinocamphenyl-tertbutylborohy 
dride and lithium 2-thexyl-4,8-dimethyl-2-borobicy 
clo[3,3,l ]nonylhydride, described by E. J. Corey et al., 
J. Amer. Chem. Soc., 93, 1491 (1971), lithium perhy 
dro-9b-borophenalylhydride, described by H. C. Brown 
and W. C. Dickason, J. Amer. Chem. Soc., 92, 709 
(1970) and the like. 
The compounds of formula I possess interesting 

pharmacological properties when tested in standard 
pharmacological tests. In particular, they have been 
found to possess hypotensive, antihypertensive, bron 
chospasmolytic, gastric acid secretion inhibiting, abor 
tifacient and estrus synchronizing and ovulation regu 
lating properties, which make them useful in the treat 

15 

25 

30 

35 

40 

45 

50 

60 

65 

8 
ment of conditions associated with high blood pressure, 
in the treatment of asthmatic conditions, in the treat 
ment of pathological conditions associated with exces 
sive secretion of gastric acid such as, for example, pep 
tic ulcer, in population control, and in animal hus 
bandry. In addition, the compound of this invention in 
hibit the aggregation of platelets and promote the dis 
aggregation of aggregated platelets, and are useful as 
agents for the prevention and treatment of thrombosis. 
More particularly, these compounds, when tested in 

a modi?cation of the tests for determining hypotensive 
activities described in “Screening Methods in Pharma 
cology”, Academic Press, New York and London 
1965, page 146, using the cat in urethane-chloralose 
anaesthesia as the test animal and measuring mean ar 
terial blood pressure before and after intravenous ad 
ministration of the compounds, have exhibited utility as 
hypotensive agents. When tested in the renal hyperten 
sive rat, prepared by the method of A. Grollman de 
scribed in Proc. Soc. Exp. Biol. Med., 7, 102 (1954), 
and measuring blood pressure by the method described 
by H. Kersten, J. Lab. Clin. Med., 32, 1090 (1947), 
they have exhibited utility as antihypertensive agents. 
Moreover, the compounds of this invention, when 

tested in a modification of the test method described by 
A. K. Armitage, et al., Brit. J. Pharmacol, 16, 59 
(1961), have been found to alleviate bronchospasms, 
and are useful ‘as bronchospasmolytic agents. 
Furthermore, the compounds of this invention, when 

administered to rats in the test method described by H. 
Shay, et al., Gastroenterol., 26, 906 (1954), have been 
found to inhibit the secretion of gastric acid, and are 
useful as agents inhibiting the secretion of gastric acid. 

In addition, the compounds of this invention, when 
tested in a modi?cation of the test method described by 
G. V. R. Born, Nature, I94, 927 (1962), using the ag 
gregometer manufactured by Bryston Manufacturing 
Limited, Rexdale, Ontario, Canada, have been shown 
to inhibit the aggregation of platelets and to promote 
the disaggregation of aggregated platelets, and are use‘ 
ful as agents for the prevention and treatment of throm 
bosis. 
When the compounds of this invention are employed 

as hypotensive or anti-hypertensive agents, as agents 
inhibiting gastric acid secretion in warm-blooded ani 
mals, for example, in cats or rats, as agents for the pre 
vention or treatment of thrombosis, or as bronchospas 
molytic agents, alone or in combination with pharma 
cologically acceptable carriers, their proportions are 
determined by their solubilities, by the chosen route of 
administration, and by standard biological practice. 
The compounds of this invention may be administered 
orally in solid form containing such excipients as 
starch, lactose, sucrose, certain types of clay, and ?a 
vouring and coating agents. However, they are prefera 
bly administered parenterally in the form of sterile so 
lutions thereof which may also contain other solutes, 
for example, suf?cient sodium chloride or glucose to 
make the solution isotonic. For use as bronchospas 
molytic agents, the compounds of this invention are 
preferably administered as aerosols. 
The dosage of the present hypotensive, antihyperten 

sive, gastric acid secretion inhibiting, or bronchospas 
molytic agents, or agents for the prevention and treat 
ment of thrombosis will vary with the forms of adminis 
tration and the particular hosts under treatment. Gen 
erally, treatments are initiated with small dosages sub 

~ stantially less than the optimum doses of the com 
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pounds. Thereafter, the dosages are increased by small 
increments until the optimum effects under the circum 
stances are reached. In general, the compounds of this 
invention are most desirably administered at a concen 
tration level that will generally afford effective results 
without causing any harmful or deleterious side effects 
and preferably at a level that is in a range of from about 
0.1 mg to about 10.0 mg per kilo, although as afore 
mentioned variations will occur. However, a dosage 
level that is in the range of from about 0.5 mg to about 
5 mg per kilo is most desirably employed in order to 
achieve effective results. When administering the com 
pounds of this invention as aerosols the liquid to be 
nebulized, for example, water, ethyl alcohol, di 
chlorotetrafluoroethane and dichlorodi?uoromethane, 
contain preferably from 0.005 — 0.05 per cent of the 
acid, or a non-toxic alkali metal, ammonium or amine 
salt thereof, or ester of formula 1. 
Furthermore, when the compounds of this invention 

are tested by the method of A. P. Labhsetwar, Nature, 
230, 528 (1971) whereby the compound is given sub 
cutaneously on a daily basis to mated hamsters on days 
4, 5 and 6 of pregnancy, thereafter the animals being 
sacri?ced on day 7 of pregnancy and the number of 
abortions counted, the compounds are shown to have 
abortifacient properties. 
For example, complete abortion resulted in all ani 

mals when the following compounds of formula 1 were 
tested according to this method at doses noted below: 

trans, cis-7-[2-(3-hydroxy-3-methyl-1-octenyl)-5 
oxocyclopentyl]-5-heptenoic acid (Example 59), 
2.5 mg/kg/day, 

trans, cis-7-[2-(3-hydroxy-3-methyl-1-octenyl)-5 
oxocyclopentyl]-4-heptenoic acid (Example 59) 
2.5 mg/kg/day, and 

trans, cis-7-[2-hydroxy-5-(3-hydroxy-3-methyl-1 
octenyl)cyclopentyl]-5-heptenoic acid (Example 
75), 0.5 mg/kg/day. ‘ ‘ 

The potency of the above unsaturated compounds is 
especially noteworthy in light of the fact that the com 
pletely saturated l5-methyl analog, 2-(3-hydroxy-3 
methyloctyl)-5-oxocyclopentaneheptanoic acid, de 
scribed in US. Pat. No. 3,671,570, cited above, does 
not cause complete abortion in the above test at doses 
less than 30 mg/kg/day. ‘ 
Furthermore, the compounds of this invention are 

useful for inducing labor in pregnant animals at or near 
term. When the compounds of this invention are em 
ployed as agents for abortion or for inducing labor, the 
compounds are infused intravenously at a dose 0.01 to 
100 mg/kg per minute until the desired effect is ob 
tained. 

Still furthermore, the compounds of formula 1 are 
useful for the synchronization of estrus and the regula 
tion of ovulation in animals. 

It is often desirable to synchronize estrus in domestic 
animals, for example, horses, cattle, sheep, swin'e or 
dogs, in order to be able to perform artificial insemina 
tion or mating with a male of the desired genetic quality 
under optimum conditions. In the past, this has been 
done by administering to the animals an ovulation 
inhibiting agent, withdrawing administration of said 
agent shortly before the date chosen for mating or arti 
ficial insemination, and relying either upon the natural 
production of LH and FSH to induce ovulation and to 
produce estrus or by administering gonadotrophins. 
However, this procedure was not entirely satisfactory 
because ovulation at a predetermined time occured 
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only in a certain proportion of the animals when gona 
dotrophins were not used. On the other hand, the high 
cost of gonadotrophins and side effects encountered in 
their administration made this method impractical. It is 
now possible to obtain substantially complete synchro 
nization of ovulation and of estrus, by treating the ani 
mals in a given group with the compound of formula 1 
before the predetermined period of time for mating or 
arti?cial insemination, so as to obtain ovulation and es 
trus within that time interval. The delay in the onset of 
ovulation and estrus following administration of the 
compound of this invention varies with the species of 
animal. For example, in rodents such as rats or ham 
sters ovulation takes place within 18 hours following 
administration of the compound and in the horse ovula 
tion usually takes place within one week after the com 
pound is given. 
More speci?cally, synchronization of estrus and reg 

ulation of ovulation in the horse is achieved by giving 
the compound of formula 1, either randomly to a group 
of horses during the life of the corpus luteum (usually 
day 5 to day 16 of the cycle) or 2 to 3 days prior to the 
expected onset of estrus. The compound for example, 
trans, cis~7-[2a-hydroxy-5-(3-hydroxy-3-methyl~1 
octenyl)cyclopentyl]-5-heptenoic acid, is given by in 
trauterine infusion, subcutaneously or intramuscularly 
in sterile solutions. A dosage which is in the range of 
from about 1 to 100 mg/lOOO lb, preferably 5 to 25 
mg/lOOO lb is employed and is administered as a single 
dose or spread over a period of 72 hours. Practically 
speaking it is preferable to give one-half the total dose 
on 2 consecutive days for the latter form of administra 
tion. For example, in a group of horses receiving this 
medication on the second and third day before ex 
pected estrus, estrus follow-s within 24 to 48 hours 
which in turn is followed by ovulation occuring in the 
majority of animals, from the fourth to the sixth day 
thereafter as determined by rectal palpation of the ova 
ries. 

In'a control group receiving no medication the occu 
rance of ovulation was spread rather unevenly over the 
third to‘eighth day after the onset of estrus. 
The process of this invention may be illustrated as 

shown in the accompanying flow sheet. 
With reference to the starting materials required for 

the above process, the aldehyde of formula L—CHO in 
which L is radical A wherein R5 is ethyl has been de 
scribed by D. T. Warner, J. Org. Chem., 24, 1536 
(1959). By following the process described therein for‘ 
the preparation of that aldehyde and using the appro 

‘ priate di(lower)alkylbromomalonate the aldehydes of 

55 

formula L-CHO in which L is radical A wherein R5 is 
a lower alkyl other than ethyl are obtained. 
The aldehyde of formula L-CHO in which L is the 

radical B or C is prepared according to the procedure 
described in the copending US. application Ser. No. 
259,896, ?led June 5, 1972. Brie?y, these starting ma 
terials are prepared in the following manner (the sym 
bols m and Z in the following description have the same 
signi?cance as described hereinbefore): A lower alkyl 
ester of 2-(w—carboxy—(CH2)m-—Z—CHz)cyclopent 
2-en-1-one, preferably the methyl ester, conveniently 
prepared by treating a 2-(w-carboxy—(CH2. 
),,,—Z—CH2)cyclopent-2-en-l-one (7), see‘ below, 
with a lower alkanol containing from l-6 carbon atoms, 
preferably methanol, and p-toluenesulfonic acid, is 
treated with nitromethane in the presence of an alkali 
metal lower alkoxide, preferably sodium ifietl'ioxide, to 
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yield the corresponding lower alkyl ester, preferably 
the methyl ester, of a 2—-(m-carboxy-—(CH2_ 
),,,—Z—CH2)--3-nitromethylcyclopentan-l-one. The 
l-keto group of the latter is reduced with sodium boro 
hydride to yield the corresponding lower alkyl ester of 
2—(m—carboxy—(CH2),,,—Z—CH2)—3-nitromethyl 
cyclopentan-l-ol, preferably the methyl ester. 
The latter two compounds, the 3-nitromethylcyclo 

pentan-l-one and the 3-nitromethylcyclopentan-l-ol 
derivatives are converted to their respective aci-forms 
by treatment with a strong base such as an alkali metal 
lower alkoxide, preferably sodium methoxide, or an 
aqueous alkali metal hydroxide, preferably sodium hy 
droxide, and the resulting solution of the alkali metal 
salt of the corresponding nitronic acid is added to a 
cold aqueous solution of a mineral acid, preferably di 
lute sulfuric acid at a temperature in the range between 
about —-l0°C and about 25°C, preferably in the vicinity 
of 0°C. Extraction of the mixture with a water-immisci 
ble solvent, preferably diethyl ether, and evaporation 
of the latter yields respectively the corresponding 3 
aldehyde, namely the desired ketoaldehyde starting 
material of formula L-CHO in which L is the radical 
C and the unprotected hydroxyaldehyde, precursor to 
the desired starting material of formula L-—CHO in 
which L is the radical B. The latter precursor is thereaf— 
ter transformed into the desired starting material of for 
mula L-CHO in which L is the radical B wherein R6 is 
a radical suitable for protecting a hydroxy group, for 
example, tetrahydropyran-2-yl (THP), trimethylsilyl 
(TMS), dimethylisopropylsilyl (DMlS) and tert-butyl, 
Said transformation is effected by treating the precur 
sor with a reagent known to be effective for converting 
a hydroxy group of a known compound to a protected 
hydroxy group. Such reagents include an excess of 
dihydropyran and an acid catalyst for example, p-tol 
uenesulfonic acid, hydrogen chloride or sulfuric acid, 
for the THP group, trimethylchlorosilane with hexa 
methyldisilazane for the TMS group, dimethyliso 
propylchlorosilane and diisopropyltetramethyldisila 
zane for the DMlS group or isobutylene for the tert 
butyl group. ‘i . t . 

The lower alkyl ester of 2—(w-->carboxy,-—-(CH2 
),,,—Z—CH¢)cyclopent-2-en-l-one (7), noted above, is 
prepared by the following convenient process: 

’ o 

O 

+Br-CH,-z--(CH,),,,C00Rl —~ 

0 
O 

a 9 

0 o 
l 

ll 

in which 2 and m area as defined in the ?rst instance 
and R1 is lower alkyl. '1 
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With reference to the ?rst step of this process [,3 

cyclohexadione (8) is condensed with an appropriate 
lower alkyl w-bromoester of formula 9 in the presence 
of an alkali metal alkoxide in a lower alkanol, prefera 
bly sodium methoxide in methanol, to give the dione of 
formula 10. ~ 

The latter compound is then treated with t-butyl hy 
pochlorite in the manner described by G. Buchi and B. 
Egger, J. Org. Chem., 36, 2021 (1971), to yield the 
chloro derivative ll. The latter treatment is performed 
preferably under a nitrogen atmosphere using dry chlo 
roform as a solvent. Thereafter, the chloro derivative is 
treated in a hydrocarbon solvent, preferably toluene, in 
the presence of an alkali metal carbonate, preferably 
sodium carbonate, at temperatures from 100° to 150°C 
from about 5 to 25 hours whereby ring contraction is 
effected to yield the desired lower alkyl ester of 2-(w 
carboxy(CH2)m-Z-CH2)cyclopent-2-en-l :one (7). 
The w-bromoacids and the lower alkyl w-bromoesters 

of formula 9 utilized for the preparation of compound 
7 are either known, for example, 7-bromo-5-heptenoic 
acid its corresponding ethyl ester and several homologs 
of these compounds are described in Belgian Pat. No. 
766,520, published Nov. 3, 1971, or may be prepared 
by standard methods; for example, see “Rodd’s Chem 
istry of the Carbon Compounds,” S. Coffey, Ed., Vol. 
lc, 2nd Ed., pp. 201 — 252 and the copending applica 
tion, Ser. No. 238,650, filed Mar. 27, 1972. 

In practising the process of this invention, the alde 
hyde of formula I_.—CHO in which L is the radical A, B 
or C is used as the starting material. This aldehyde is 
treated with a Wittig reagent of the formula (AlkO )2 
POCH2COCR3R4(CH2),,CH3 in which Alk is an alkyl 
containing one to three carbon atoms and R“, R‘ and n 
are as de?ned hereinbefore, in the presence of an alkali 
metal hydride, preferably sodium hydride, and in an 
aprotic solvent, preferably dimethoxyethane or di 
methyl formamide. Acidi?cation with an aqueous acid, 
preferably aqueous acetic acid, extraction with a water 
immiscible solvent, preferably diethyl ether, followed 
by washing, dryring and evaporation of the latter, yields 
the corresponding compound of formula L—CH=CH 
CO—CR3R‘-—(CH,),,CH;,. 
The requisite Wittig reagents are prepared by the 

method of E. J. Corey and G. T. Kwiatkowski, J. Amer‘. 

7 

Chem. Soc., 88, 5654 (1966) using the appropriate: 
lower alkyl alkanoate and di(lower)alkyl oi-lithiorne 
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thanephosphonate. 
More specifically, the treatment of the aldehyde de 

rivative of formula L—CHO in which L is the radical A, 
B or C with the ylid prepared from the Wittig reagent is 
performed in the following manner. A solution of the 
Wittig reagent in about 5 to 10 parts of an aprotic sol 
vent, preferably dimethoxyethane or dimethylformam 
ide, is added slowly under a blanket of nitrogen to a 
stirred suspension of approximately one equivalent of 
an alkali metal hydride, preferably sodium hydride, in 
approximately 150 parts of the aprotic solvent and stir 
ring is continued at room temperature for a period of 
time of from 10 to 60 minutes, preferably for about 30 
minutes. To the resulting solution of the corresponding 
yield, there is slowly added a solution of approximately 
3/; to 1 equivalent, preferably about 0.85 equivalent, of 
the aldehyde of formula L—CHO in about 5 to 10 
parts, preferably about 8 parts of an aprotic solvent, 
preferably dimethoxyethane. The addition is carried 
out at 20° to 100°C, preferably 25° to 65°C over a per 
iod of time of from 5 to 60 minutes. Acidi?cation with 
an aqueous acid, preferably aqueous acetic acid, fol 
lowed by extraction with a water-immiscible solvent, 
preferably diethyl ether, washing and drying of the ex 
tracts, evaporation of the solvent, and chromatography 
of the residue on silica gel yields the corresponding 
compound of formula L—CH CHCOCR3R 
"—-(CH2),,CH3 (3) in which L is the radical A, B or C 
and R“, R4 and n are as defined hereinbefore. 
Before proceeding further with the process of this in 

vention it is expedient, in the case where L of the last 
named compound of formula 3 represents the radical 
C, to protect the l-keto group of the cyclopentanone 
ring of radical C. Said protection is advantageously af 
forded by treatment of the compound of formula 3 in 
which L is radical C with ethylene glycol in the pres 
ence of an acid catalyst, for example, p-toluenesulfonic 
acid, hydrogen chloride or sulfuric acid, in an inert sol 
vent, for example, benzene or tetrahydrofuran. In this 
manner the corresponding compound of formula 3 is 
obtained in which L is the organic radical D, as de?ned 
hereinbefore, having said protected keto group. 
Also it is worth noting at this point that a convenient 

alternative method has been found for the preparation 
of the compound of formula 3 in which L is the radical 
A as defined herein and R“, R4 and n are as de?ned in 
the ?rst instance. In this latter method, they aldehyde of 
formula L——C1-IO in which L is the radical A is treated 
with a methyl ketone of formula C1-I3COR9 in which R9 
is CRi‘R‘—(Cl~Iz),,CI-I3 in which R3, R4 and n are as de 
fined in the ?rst instance, in the presence of a base, to 
obtain the corresponding compound of formula 12, 

L--CH=CH~COR” 12, 

which in this case is the desired compound of formula 
3 in which L is the radical A and R", R‘ and n are as de 
fined in the first instance. ' _ 

The aforementioned treatment of the aldehyde with 
the ketone of formula CI'I3COR9 is performed prefera 
bly by using an organic base, for example, piperidine, 
N‘methylpiperidine or N,N-dimethylpiperazine, al 
though sodium hydride, potassium tert-butoxide, so 
dium ethoxide and the like are alternative suitable 
bases. If desired an inert solvent, for example, benzene, 
ether, dioxane or tert-butanol, is employed for this re 
action. Although not critical, it is prudent to use sub 
stantially equivalent amounts of the aldehyde and the 
ketone for the reaction. Advantageous temperatures 
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and times for this reaction include a temperature range 
of from 20° to 100°C, preferably 60° to 80°C, and a re 
action time from two to 30 hours. 

The instant compound of formula 3 in which L is the 
radical A, B or D is now converted to the correspond 
ing compound of formula 4 by one of the following two 
methods depending on R2 of the product being hydro 
gen or lower alkyl. 

When it is desired to obtain the compound of formula 
4 in which L is the radical A, B or D and R2 is hydrogen, 
then the compound of formula 3 in which L is the radi~ 
cal A, B or D is treated with a metal borohydride, for 
example, lithium borohydride, potassium borohydride, 
zinc borohydride or preferably sodium borohydride, in 
an inert solvent, for example, methanol or tetrahydro 
furan, to yield the desired compound of formula 4 as a 
mixture of epimers. The epimers result from the asym 
metric center at the carbon to which the secondary al 
cohol is attached. The mixture of epimers need not be 
separated at this stage. In practice it has been found 
more convenient to continue the process with the mix 
ture of epimers and, if desired, to separate the resulting 
epimers of compounds of formula 1. 
When it is desired to obtain the compound of formula 

4 in which L is the radical A or B and R2 is lower alkyl 
then the latter compound of formula 3 in which L is the 
radical A or B is treated with a lower alkyl magnesium 
halide. ' 

The addition of the lower alkyl magnesium halide to 
the last said compound of formula 3 is carried out ac 
cording to the conditions of the Grignard reaction. 
Convenient and practical conditions for this addition 
include ether or tetrahydrofuran as the solvent for the 
reaction, a reaction time of from ?ve minutes to six 
hours and a reaction temperature of from —80 to 25°C, 
preferably —70° to -40°C when L of the compound of 
formula 3 is radical A and preferably ~20 to 0°C when 
L of the compound of formula 3 is radical B. 

Alternatively, a convenient method for preparing the 
compound of formula 4 in which L is the radical A, R2 
is lower alkyl, R3 is hydrogen and R4 is hydrogen or 
lower alkyl and R" is hydrogen, comprises treating the 
aldehyde of formula L-CHO in which L is the radical A 
with a methyl ketone of formula CI-I3COR9 in which R9 ‘ 
is lower alkyl, in the presence of a base, to obtain the 
corresponding compound of formula 12, 

L—CI-I=CH—COR° - 12 

followed by treating the latter compound with an ap 
propriate lower alkyl magnesium halide in which the 
alkyl portion is CR3R4—(CH2),,CH3 in which R", R‘ and 
n are as de?ned in the last instance. In this case the 
treatment of the aldehyde with the methyl ketone is 
performed according to the same conditions described 
hereinbefore for preparing the compound of formula 
12 in which R9 is CR3R4—-(CI-I2),,CI-I3. However, in this 
case it is advantageous to dispense altogether with an 
inert solvent for the reaction and to use a large excess 
of the ketone of formula CHaCOR", ie 10 to 100 
equivalents, preferably 20 to 60 equivalents. 

In other words, it is possible to use the compound of 
formula 12 in two ways to elaborate the side chain 
bearing the hydroxy group of the compound of formula 
1. In the case where R9 of formula 12 is 
CR3R4—(CH2),,CH3, the R9 group is the progenitor of 
part of the hydrocarbon reside of the side chain itself 
and in the case where R9 is lower alkyl the R9 group is 
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the progenitor of the alkyl substituent on the side chain 
occurring when R2 of the compound of formula 1 is 
lower alkyl. 
From this point the process of this invention is com 

pleted by one of the following three methods depend 
ing on L of the compound of formula 4 being the radi 
cal, A, B or D. 

In the first method when L of the compound of for 
mula 4 is the radical A, the cyclopropyl compound of 
formula 4 is condensed with a malonic ester derivative 

in which R1 and R8 each are lower alkyl and Z and m 
are as defined hereinbefore, in the presence of a base. 
If desired, but not critical, the hydroxy group of the 
compound of formula 4 may be protected during the 
course of this condensation. Suitably protection is af 
forded by reacting said last-named compound of for 
mula 4 with the appropriate aforementioned reagent 
for providing a protected hydroxy group to afford the 
corresponding compound of formula 4 in which R7 is a 
radical suitable for protecting a hydroxy group, for ex 
ample, THP, TMS, DMIS or tert-butyl, see above. 
The malonic ester derivative of formula 5, noted 

above, is prepared by condensing the appropriate 
aforementioned lower alkyl m-bromoester of formula 9, 
with a dialkylmalonate, in the presence of an alkali 
metal alkoxide in a lower alkanol. More particularly, 
the condensation is performed preferably by adding the 
dialkylmalonate portionwise to a solution of one equiv 
alent of sodium methoxide in methanol at a tempera 
ture of from 10° to 30°C, preferably room temperature. 
After stirring for about 10 to 20 minutes, the reaction 
mixture is treated portionwise with one equivalent of 
the bromoester of formula 9 followed by heating the 
reaction mixture at reflux temperature for l to 2 hours. 
Thereafter, dilution of the mixture with water, extrac 
tion with a water-immiscible solvent, preferably ether, 
washing and drying'of the extract, followed by removal 
of the solvent gives a residue, which on puri?cation by 
distillation under reduced pressure gives the desired 
malonic ester derivative of formula 5. 

Alternatively the malonic ester derivative of formula 
5 in which Z is CH2CH=CH- is prepared by treating a 
(2-formylethyl)malonic acid di(lower)alkyl ester, for 
example, (2-formylethyl)malonic acid diethyl ester, D. 
T. Warner and O. A. Moe, J. Amer. Chem. Soc., 
70,3470 (1948), with a triphenylphosphonium bro 
mide of formula ' 

in which R1 and m are as defined hereinbefore in the 
presence of an alkali metal hydride, preferably sodium 
hydride, in an aprotic solvent, preferably dimethyl sulf 
oxide or dimethyl formamide, in the same manner as 
described previously for the treatment of the aldehyde 
of formula l_.—Cl-lO with the Wittig reagent. In this 
manner the corresponding malonic ester derivative of 
formula CH(COOR“)ZCH2CHZCH=CH—(CHZ) 
mCOOR‘ in which R‘, R8 and m are as de?ned herein 
before is obtained. When R1 of the latter compound is 
hydrogen, said latter compound is converted to the cor 
responding malonic ester derivative of formula 5 by 
treatment with a lower alkanol, for example, methanol 
or ethanol, in the presence of an acid catalyst, for ex 
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ample, p-toluenesulfonic acid, boron trifluoride ether 
ate or dry hydrogen chloride. 
The requisite triphenylphosphonium bromide of for 

are prepared readily by treating the appropriate w 
bromoacid or w-bromoester of formulal Br 
Cl-l?—(Cl-l2),,,COOR1 in which m is as defined herein 
before with triphenylphosphine in an inert solvent, for 
example, benzene, or acetonitrile, at 20° — 100°C for 12 
to 24 hours and collecting the precipitate. 
As noted previously the cyclopropyl compound of 

formula 4 and the malonic ester derivative of formula 5 
are subjected to a base catalyzed condensation to give 
the cyclopentanonetriester of formula 6. This conden 
sation is performed in the presence of a suitable base, 
preferably an alkali metal alkoxide, for example, so 
dium methoxide. Other suitable bases include sodium 
ethoxide, potassium tert-butoxide, and sodium hydride. 
More speci?cally, this condensation is conveniently ef 
fected by heating a mixture of about equimolar 
amounts of the compound of formula 4 and the triester 
5 at 80° to 150°C, preferably 100° - 140°C, for 30 min 
utes to 6 hours, preferably 1 to 3 hours. The reaction 
mixture is then cooled, neutralized with an acid, for ex 
ample, acetic acid, and extracted with a water-immisci 
ble solvent, for example, diethyl ether. Evaporation of 
the extract and puri?cation of the residue by chroma 
tography on silica gel yields the cyclopentanonetriester 
of formula 6. 

Thereafter, in the case where the hydroxy group has 
been protected by a suitable protecting group, said 
group is now removed by an agent known to be effec 
tive for removing such a protecting group. In a pre 
ferred embodiment the base catalyzed condensation is 
effected with a compound of formula 4 in which R7 is 
tetrahydropyran-2-yl and thereafter the tetrahydropy 
ran-2-yl protecting group is removed by treating the re 
sulting cyclopentanonetriester of formula 6 (R7 = tet 
rahydropyran-Z-yl) with acid, for example, hydrochlo 
ric acid, aqueous acetic acid or preferably p-toluene 
sulfonic acid, in an inert solvent in the presence of wa 
ter, preferably methanol-water (9:1). Other agents for 
removing the protecting group are discussed hereinaf 
ter. 
The cyclopentanonetriester 6 is now treated with an 

alkali metal hydroxide in the presence of water to give 
the corresponding compound of formula 1 in which m, 
n, Z, R2, R3 and R‘ are as de?ned in the ?rst instance, 
X and Y together are oxo and R1 is hydrogen. Prefera 
bly this reaction is done by heating a mixture of the cy 
clopentanonetriester with an alkali metal hydroxide, 
preferably sodium hydroxide or potassium hydroxide, 
in the presence of water at re?ux temperature of the 
mixture for a period of 15 minutes to 6 hours, prefera 
bly about l to 3 hours. Neutralization of the reaction 
mixture with acid, for example, 2N HCl, extraction 
with a water-immiscible solvent, for example, diethyl 
ether, and subsequent work up of the extract yields an 
epimeric mixture of the said last-named compound of 
formula 1. If desired the epimers may be separated at 
this stage by chromatography on silica gel. 

Thereafter, if desired the latter compound is esteri 
' fied with a lower alkanol containing one to three car 
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bon atoms, for example, methanol, ethanol or propa 
nol, in the presence of a acid, for example, sulfuric 
acid, hydrochloric acid or preferably perchloric acid, 
to give the corresponding ester compound of formula 1 
in which m, M, Z, R2, R3 and R4 are as de?ned in the ?rst 
instance, X and Y together are oxo and R1 is lower al 
kyl. Optionally, this esteri?cation can be effected. by 
treating said latter compound with an appropriate dia 
zoalkane, for example, diazomethane, or diazoethane. 
The second method, utilized when L of the afore- 10 

mentioned compound of formula 4 is the radical B, 
proceeds by treating the said compound of formula 4 
with an agent known to be effective for removing a rad 
ical suitable for protecting a hydroxy group. In a pre 
ferred embodiment, L of the aforementioned com- 15 
pound of formula 4 is the radical B in which R6 is the 
TMS radical. The TMS radical is removed by treatment 
with an excess of water-methanol (10:1) for 24 hours 
or with tetrahydrofuran-acetic acid at room tempera 
ture for one to two hours. Alternatively, if R6 is DMIS, 20 
this protecting group is removed by the same condi 
tions used for the removal of the TMS radical. 

In this manner the compound of formula 1 in which 
m, n, Z, R2,‘R3 and R“1 are as de?ned in the ?rst in 
stance, X is hydroxy, Y is hydrogen and R‘ is lower 25 
alkyl is obtained. This compound is obtained thus as a 
mixture of epimers with respect to the hydroxy group 
of the cyclopentane ring. If desired the epimers can be 
separated readily by chromatography. 
Furthermore, if so desired, the latter compounds of 30 

formula 1 in which R2 is lower alkyl are treated with an 
oxidizing agent capable of converting a hydroxy func 
tion to the corresponding keto function to yield the 
corresponding compound of formula 1 in which X and 
Y together are oxo. Suitable oxidizing agents include 35 
chromium trioxide-pyridine complex, chromium triox 
ide-sulfuric acid in acetone, with the former being pre 
ferred. . 

The third method, utilized when L of the compound 
of formula 4 is the radical D and R2 is hydrogen pro- 40 
ceeds with preferential hydrolysis of the ketal. The hy 
drolysis is effected by treatment with an acid in the 
presence of water, in an inert solvent. Suitable condi 
tions for this hydrolysis include the use of p-toluenesul 
fonic acid or acetic acid ata- temperature of from 25° to 45 
100°C using tetrahydrofuran, dioxane, acetone or 
methanol as the solvent and a reaction period of from 
three to 24 hours. Preferably, the hydrolysis is effected 
using p-toluenesulfonic acid in tetrahydrofuran or a 
mixture of water and methanol at room temperature 50 
for 12 to 24 hours. 
In this manner the compound of formula 1 in which 

m, n, Z, R3 and R4 are-as de?ned in the ?rst instance, X 
and Y together'are‘ oxo, R1 is lower alkyl and R2 is hy 
drogen is obtained. 55 

Finally, and if desired any of the aforementioned 
compounds of formula 1 in which X and Y together are 
0x0 and R1 is lower alkyl are reduced by treatment with 
a complex borohydride to give the corresponding com 
pound of formula 1 in which X is hydroxy and Y is hy- 60 
drogen. 
This reduction is preferably carried out by treating 

the ‘compound of ‘formula 1 in which X and Y are ‘o'xd 
‘with ‘sodium borohydride in an inert solvent, for ex'a'rlrij 
‘file; ethane! at tetrahydrofuran at 0° to 30°C from‘ 30 
mama as, 2 hears or with lithium 9-ter'tbuyt‘yll9l 

3,3,1 T?biiylhydi’ide in an inert ‘solve'rift', fol- ‘ 
iiétiiaiiydl'bfui'an, at di‘glym’etet‘rahyclrbfiii'aii 
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at —80° to 0°C, preferably —80° to —60°C, for l to 2 
hours. In this instance the resulting compound of for 
mula I in which X is hydroxy and Y is hydrogen and R1 
is hydrogen or lower alkyl is obtained as a mixture of 
epimeric C-2 alcohols. This mixture is conveniently 
separated into its individual C-2 alcohol epimers by 
chromatography on silica gel. 
The following examples illustrate further this inven 

tion 

EXAMPLE 1 

Dimethyl 3,3-dimethyl-2-oxoheptyl phosphonate 
[(AlkO)2POCl-l2COCR3R4—(CH2),,CH3 in which Alk 

is CH3, R3 and R4 = |CH3 and n = 3] 

The title compound is prepared by treating 2,2-dime 
thylhexanoic acid methyl ester, S. M. McElvain, et al., 
J. Amer. Chem Soc., 75, 3987 (1953), with dimethyl 
methyl phosphonate according to the procedure of E. 
J. Corey and G. T. Kwiatkowski, J. Amer. Chem. Soc., 
88, 5654 (1966). An exemplification of this procedure 
is as follows: 
Dimethyl methylphosphona'te (14.88 g) is dissolved 

in dry tetrahydrofuran (THF, 34 ml) under a nitrogen 
atmosphere. The solution is cooled to —78°C. Butylli 
thium (7.68 g, 52 ml of 2.3 molar solution, 3 equiv.) is 
added very slowly during 1 hour. The ‘mixture is stirred 
at —78°C. for 15 minutes. A solution of 2,2-dimethyl 
hexanoic acid methyl ‘ester (6.32 g) in dry THF (16 ml) 
is added to the cold solution over a period of 1 hour. 
The mixture is stirred for 30 minutes and then allowed 
to warm up to room temperature. The reaction mixture 
is diluted with ether. Dilute (10%) hydrochloric acid 
(30 m1) is added and the reaction mixture shaken well. 
The organic phase is separated and washed several 
times with water, dried (MgSO4) and the solvent re 
moved. The residue is distilled under reduced pressure 
to give the title compound, b.p. 1 10° — 120°C/0.1mm, 
'ynm’u'" 1700, 1250, 1020 cm". 

Similarly other Wittig reagents of the formula (A1 
kO)2POCI-I2COCR3R4-(CH2),,CH3 in which Alk is an 
alkyl containing 1 to 3 carbon atoms, R3 and R4 are hy 
drogen or lower alkyl and n is an integer from 2 to 5 are 
prepared by using the appropriate lower alkyl alkano 
ate and di(1ower)alkyl methanephosphonate. For in 
stance, treatment of 2,2-dipropylpentanoic acid methyl 
ester with dimethyl methylphosphonate gives 2-oxo 
3,3-dipropylhexyl phosphonate and treatment of 2,2 
diethyloctanoic acid ethyl ester with diethyl methyl 
phosphonate gives 2-oxo-3,I3-diethylnonyl phospho 
nate. 

EXAMPLE 2 

Dimethyl 2-formylcyclopropane-1 , l-dicarboxylate (2; 
L =-radical A in which R5 = CH;,) 

By following the procedure of D. T. Warner, cited 
above, used for preparing diethyl 2-formylcyclopro 
pane-1,1-dicarboxylate from acrolein but using equiva 
lent amounts of dimethylbromomalonate and methanol 
instead of diethylbromomalonate and ethanol, respec 
tivelyath'e titleycompound, nmr (CDCla) 8 1.98 (m; 
2H), 2 sum, 1H); 3.79 (s, 6H), 8.82 (d, J = 4 ‘cps; 

1 . 

‘65 11-1), is obtai'rie . 
Lilg‘e'wi‘s’e the ‘of ‘dipropylbromomalonate and Bit): 
anol gives iiipi’opyl 2-formylcyclopropane-l,1-dicai‘= 
axylate. 



3,917,668 
19 

EXAMPLE 3 

Diethyl 
trans-2-(4,4-dimethyl-3-oxo-l-octenyl)cyclopropane 
1,1-dicarboxylate (3; R3 and R4 = CH3, n = 3 and L = 

radical A in which R5 = C2H5) 

To a suspension of 50% sodium hydride (0.46 g, 
washed with hexane) in dimethylformamide (DMF) is 
added a solution of dimethyl 3,3-dimethyl-2-oxoheptyl 
phosphonate (2.75 g), described in Example 1, in DMF 
(15 ml) over a period of 30 min. The mixture is stirred 
and cooled in ice water during the addition and for an 
additional period of 45 min. A solution of diethyl 2-for 
mylcyclopropane-l,l-dicarboxylate (2.14 g) in DMF 
(15 ml) is added over 20 min. The reaction mixture is 
heated at 55° to 60°C and stirred for 45 min. The mix 
ture is now cooled in an ice bath and acetic acid is 
added to render the mixture substantially neutral. The 
reaction mixture is poured into water (4 X the volume) 
and the resulting oily precipitate extracted with ether. 
The extract is washed with water, dried (Na2SO4) and 
concentrated. The residue is dissolved in ethyl acetate 
benzene (1:9) and the solution poured through a col 
umn of silica gel (148 g). The eluate is concentrated to 
yield the title compound, 'ymum'" 1725, 1680, 1620 
cm“, nmr (CDCI3) 8 0.88 (+, 3H), 4.27 (4H), 6.5, 
6.68 and 7.39 (m, 2H), 'ym?'u“ 242 nm (e = 7500). 

5 

15 

20 

25 
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1665, 1620 cm", nmr (CDCl3) 8 4.19 (q, J = 7, 4H), 
6.32 (d, J = 5, 2H), is obtained. 

In the same manner but replacing dimethyl 3,3 
dimethyl-Z-oxoheptyl phosphonate with an equivalent 
amount of dimethyl 2-oxoheptyl phosphonate, de 
scribed by E. J. Corey, et al., J. Amer. Chem. Soc., 90, 
3247 (1968), diethyl trans-2-(3-oxo-l-octenyl)cyclo 
propane-1,l-dicarboxylate, b.p. 153° — 154°C/0.7 mm, 
is obtained. _ 

In the same manner but replacing dimethyl 3,3-dime' 
thyll2-oxoheptylphosphonate with an equivalent 
amount of dimethyl 3-ethyl-2-oxohexyl phosphonate, 
dimethyl 3-propyl-2-oxooctyl phosphonate, or di 
methyl 3-ethyl-2-oxononyl phosphonate, dimethyl 
trans-2-(4-ethyl-3-oxo-l -heptenyl)cyclopropane-l ,1 
dicarboxylate, dimethyl trans-2-(3-oxo-4-propyl-l 
nonenyl)cyclopropane-1,l-dicarboxylate and dimethyl 
trans -2-(4-ethyl-3-oxo-l-decenyl)cyclopropane-1,1 
dicarboxylate are obtained, respectively. 
By following the procedure of Example 3 and utiliz 

ing the appropriate Wittig reagent and the aldehyde of 
formula L-CHO in which L is the radical A wherein 
R5 is lower alkyl then other compounds of formula 3 
are obtained. Examples of such compounds of formula 
3 are listed in Table 1 together with the appropriate 
Wittig reagent and aldehyde of formula L-CHO uti 
lized for their preparation. 

TABLE I 

Wittig Reagent Product: (Pre?x Listed 
L-C HO below )-cyclopropane 

EX. (Alkog)POCH,COCR“R‘-(CH¢).CHJ L = radical A Ll-dicarboxylate 

Alk R3 R‘ n R5 _ 

_ 4 CH; H 2 CH, dimethyl trans-2-(3-oxo 
l-heptenyl) , 

5 CH3 H 4 CZHS diethyl trans-2-(3~oxo 
l-nonenyl) 

6 CH, H 5 CH3 dimethyl trans-2-(3-oxo 
l-decenyl) 

7 CH3, CH; H 2 C,H5 diethyl trans-2-(4 
methyl-S-oxo- l -heptenyl) 

8 CH3 CH3 _H 4 CH3 dimethyl trans-2-(4 
methyl-3-oxo-l-nonenyl) 

9 CH3 Cg“; H 3 CgH, diethyl trans-2-(4-ethyl 
_ i ' 3-oxo-1-octenyl) '_ 

10 CH, C¢Hs H 5 CH3 dimethyl trans-2-(4- ‘ 
Y ' . ethyl-3 -oxo- l -decenyl) 

11 CH; , n-C,H -, H 2 C,H, diethyl trans-Z-(B-oxo 
4-propyl-l-heptenyl) 

12 CH: n-C,H-, H 4 CH, dimethyl trans-2—(3-oxo 
4-propyl-l-nonenyl) 

13 C,H,-, CH, CH, 5 n-CJH1 dipropyl trans-2-(4,4 
dimethyI-3~oxo-l-decenyl) 

14 - C,H5 C,H5 CH, 5 n-CaH1 dipropyl trans-2-(4-ethyl 
. 4-methyl-3-oxo-l—decenyl) 

15 C2“; n-C,H1 CH, 2 CH; dimethyl trans-2-(4 
methyl-3-oxo-4-propyl-l 
heptenyl) 

16 C3"; n-C,H-, n-C,H1 4 C,H, diethyl trans-2-(3-oxo-4, 
' 4-dipropyl7l-nonenyl) 

1n the same manner but replacing diethyl 2-formylcy 
clopropane-l,l-dicarboxylate with dimethyl 2-formyl 
cyclopropane-l,l~dicarboxylate, dimethyl trans-(4,4 
dimethyl-3-oxo- l -octenyl)cyclopropane-1 , 1 -dicar 
boxylate, 'ymu'u’" 1728, 1682 cm+‘, is obtained. 

In the same manner but replacing dimethyl 3,3 
dimethyl-2-oxoheptyl phosphonate with an equivalent 
amount of dimethyl 3-methyl-2-oxoheptyl phospho 
nate, b.p. 112° - 1l5°C/0.2 mm, prepared from 2 
methylhexanoic acid methyl ester or the Z-methylhex 
anoic acid chloride according to the procedure of Ex 
ample l, diethyl trans-2-( 4-methyl-3-oxo-l-octenyl)cy 
clopropane-l,l-dicarboxylate, ymu'u'" 1725, 1680, 

60 

65 

EXAMPLE 17 

Diethyl trans-2-(3-hydroxy-4,4-dimethyl-1~octenyl) 
cyclopropane-l,l-dicarboxylate (4; R2 and R7 = H, R3 
and R4 = CH3, n = 3 and L = radical A in which R5 = 

Sodium borohydride (0.19. g) is added to a solution 
of diethyl trans-2-(4,4-dimethyl-3-oxo-l-octenyl)cy 
clopropane-l,l-dicarboxylate (1.62 g), described in 
Example 3, in ethanol (2.5 ml) at 0° to 5°C. After the 
addition the mixture is rendered neutral by the addition 
of acetic acid, diluted with ether and washed with wa 

‘ ter. The ether phase is dried (Na2SO4‘) and concen 
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trated. The residue is dissolved in ethyl acetate-ben 
zene (1:9) and the solution poured through a column of 
silica gel (50 g). The eluate is concentrated to give a 
title compound, ymarm'" 3500, 1706 cm“, nmr 
(CDCI3) 8 2.6 (in, 11-1), 3.78 (m, 1H), 4.21 (q, 41-1), 
5.28 (q, 1H), 5.9 (q, 1H). 

In the same manner but replacing diethyl trans-2 
(4,4-dimethyl-3-oxo- l -octenyl )cyclopropane-l , l - 
dicarboxylate with an equivalent amount of diethyl 
trans-2-(4-methyl-3-oxo- l -octenyl) cyclopropane-l , l 
dicarboxylate, described in Example 3, diethyl trans-2 
(3-hydroxy-4-methyl-l-octenyl)cyclopropane-1,1 
dicarboxylate, 'ymar?‘m 3500 cm“, is obtained. 
By following the procedure of Example 17 and utiliz 

ing the appropriate compound of formula 3 then other 
compounds of formula 4 (R2 = H) are prepared. Exam 
ples of such compounds of formula 4 are listed in Table 
II. In each case the compound of formula 3 used as 
starting material is noted by the Example in which it is 
prepared. 

TABLE II 

20 

22 
is diluted with water and extracted with 1500 ml ether. 
The ether layer is washed with saturated NaCl solution 
twice, then with 10% sodium thiosulfate solution twice, 
again with saturated NaCl solution, dried (Na2SO4) and 
concentrated to give a greenish yellow oil. The oil is 
dissolved in ethyl acetate-benzene (3:17) and poured 
through a column of silica gel. The eluate is concen 
trated to yield the title compound, nmr (CDCla) 8 0.88 
(t, J = 5, 3H), 2.45 (q, 2H), 4.13 (q, 2H), 5.14 (2Xd, 
J = 16.8, 1H), 5.72 (d, J =16, III). 

In the same manner but replacing methyl magnesium 
iodide with an equivalent amount of ethyl magnesium 
chloride, or propyl magnesium bromide, diethyl trans 
2-(3-ethyl-3-hydroxy-l-octenyl)cyclopropane-l ,1 
dicarboxylate and diethyl trans-2-(3-hydroxy-3-propyl 
1 -octenyl)cyclopropane-l ,1 -dicarboxylate, are ob 
tained, respectively. 

In the same manner but replacing diethyl trans-2-(3 
oxo-l-octenyl)cyclopropane-l ,l-dicarboxylate with an 
equivalent amount of diethyl trans-2-(4-methyl-3-oxo 

PRODUCT: (PREFIX LISTED 
NO. OF EXAMPLE IN WHICH 

STARTING 
BELOW)ACYCLO 

1 -octenyl)cyclopropane-1 ,1 -dicarboxylate, described 
in Example 3 and’using methyl magnesium iodode, 
ethyl magnesium chloride or propyl magnesium bro 

EXAMPLE MATERIAL OF FORMULA 3 IS PROPANE-1,l-DICARBOXYLATE 

PREPARED 
l8 3 dimethyl trans-2-(4-ethyl 

3-hydroxy»1-heptenyl) 
l9 3 diethyl trans-2-(3»hydroxy 

4-propyl -l-nonenyl) 
20 3 dimethyl trans-2-( 4-ethyl— 

3-hydroxy- l ~decenyl) 
21 7 diethyl trans-2-(3-hydroxy 

4-methyl-l'heptenyl) 
22 8 dimethyl trans-2-(3-hydroxy 

4‘rnethyl- l 'nonenyl) 
23 9 diethyl trans~2~(4-ethyl-3 

hydroxy- 1 -octenyl) 
24 1O dimethyl trans-2-(4-ethyl-3 

hydroxy- 1 ~decenyl) 
25 l 1 diethyl trans-2-(3-hydroxy-4 

propyl-l-heptenyl) 
26 12 dimethyl trans-2-(3-hydroxy 

4-propyl-1-nonenyl 
27 13 dipropyl trans-2-(3-hydroxy 

4,4-dimeth yl- l -decenyl) 
28 14 dipropyl trans-2-(4-ethyl 

3-hydroxy-4-methyl-l-decenyl) 
29 15 dimethyl trans-2-(3-hydroxy 

4-methyl-4-propyl-l-heptenyl) 
30 16 diethyl trans-2-(3-hydroxy-4, 

4-dipropyl-l-nonenyl) 

EXAMPLE 31 

Diethyl 
trans-2-( 3-hydroxy-3-methyl- 1 -ocetnyl )cyclopropane 
1,l~dicarboxylate (4; R2 = CH3, R“, R‘ and R7 = H, n = 

3 and L = radical A in which R5 = C2H5) 

A solution of the lower alkyl magnesium halide, 
methyl magnesium iodide, prepared from 24.31 g of 60 
magnesium turnings and 157 g of methyl iodide in 1000 
ml of ether, is cooled to -70°C. Diethyl trans-2-(3-oxo 
l-octenyl)cyclopropane-l,l-dicarboxylate (124.2 g); 
described in Example 3, in 600 ml ether is added slowly 
taking care that reaction mixture temperature does not 
exceed —45°C. The mixture is stirred 75 min. at the 
temperature range —~50° to -45°C. Aqueous saturated 
NH4CI solution is added slowly keeping the tempera 
ture of the reaction mixture below —55°C. The mixture 

55 

65 

mide as the lower alkyl magnesium halide, diethyl 
trans-2% 3-hydroxy-3 ,4-dimethyl- l -octenyl )cyclopro 
pane-1,1-dicarboxylate, _ diethyl trans-2-(3~ethyl~3 
hydroxy-4-methyl-l-octenyl)cyclopropane-1,l-dicar~ 
boxylate and diethyl trans-2-(3-hydroxy-4-methyl-3_ 
propyl-1-octeny1)cyclopropa'ne-l,l-dicarboxylate, are 
obtained, respectively. 
By following the procedure of Example 31 and utiliz 

ing the appropriate lower alkyl magnesium halide and 
compound of formula 3, for example those described in 
Examples 4 to 12, then other compounds of formula 4 
in which R2 is lower alkyl are obtained. Examples of 
such compounds of formula 4 are listed in Table III to 
gether with the requisite lower alkyl magnesium halide 
and the compound of formula 3. 



3,917,668 
23 

TABLE III 

24 

NO. OF EXAMPLE 
IN WHICH STARTING 

MATERIAL 
OF FORMULA 3 IS 

LOWER ALKYL 
EXAMPLE MAGNESIUM HALIDE 

PRODUCT: 
(PREFIX LISTED 
BELOW )-CYCLOPROPANE 
l,l-DICARBOXYLATE 

PREPARED 
32 4 CHaMgl 

33 5 CZI-ISMgBr 

34 6 n-C3l-I1MgCI 

35 7 CHQMgBr 

36 8 CZHSMgCI 

37 9 n-C3H1MgCl 

38 CH3MgI 

39 CZHSMgCI 

dimethyl trans-2-(3 
hydroxy-3-methyI-l 
heptenyl) 
diethyl trans-2-(3 
ethyI-3-hydroxy- l - 

nonenyl) 
dimethyl trans<2-(3 
hydroxy-3-propyl-l 
decenyl) 
diethyl trans‘2-(3 
hydroxy~3,4-dimethyl_ 
l-heptenyl) 
dimethyl trans-2-(3 
ethyI-3‘hydroxy‘4 
methyl-l-nonenyl) 
diethyl trans‘2-(4 
ethyl-3-hydroxy-3 
propyl- l -octenyl) 
dimethyI trans-2-(4 
ethyl‘3-hydroxy-3 
methyl-l -decenyl) 
diethyl trans‘2-(3 
ethyl-3-hydroxy-4 
propyl— l -heptenyl) 
dimethyl trans'2-(3 
hydroxy-3,4-dipropyl 
l—nonenyl) 

EXAMPLE 4l 

Diethyl 
trans-2-{3-[(tetrahydropyran-Z-yl)oxy]-3'methyl-l~ 

octenyl}cycIopropane-l ,l-dicarboxylate (4, R2 = CH3, 
R3 and R‘ = H, R7 = (tetrahydropyran-Z-yl)oxy, n = 3 

and L = radical A in which R5 = C2I-I5) 

A solution of diethyl trans-2-(3-hydroxy-3-methyl-l 
octenyI)cyclopropane-l,l-dicarboxylate (22.4 g), de 
scribed in Example 31, dihydropyran (80 ml, distilled 
over sodium) and p-toluenesulfonic acid monohydrate 
(300 mg) is allowed to stand at room temperature for 
30 min. After adding a few ml of 10% Na2CO3 solution 
the mixture is extracted with ether. The ether extract is 
washed with water, dried (Na2SO'4) and evaporated. 
Purification of the residue by chromatography on silica 
gel gives the title compound, nmr (CDCl3) 8 0.87 (t, 
3H), 2.48 (m, 1H), 4.6 (1H), 5.5 (m, 2H). 

In the same manner but using an equivalent amount 
of one of the compounds of formula 4 (R7 = H), for ex 
ample, the compounds listed in Examples 17 to 40, in 
stead of diethyl trans-2-(3—hydroxy-3-methyl-l 
octenyl)cyclopropane-l,l-dicarboxylate, then the cor 
responding tetrahydropyranyl ether compound of for 
mula 4 (R7 = tetrahydropyranyl) is obtained, for exam 
ple, the corresponding tetrahydropyranyl ethyl com 
pounds of Examples 17 to 40, respectively. More spe 
cifically exempli?ed, in the same manner diethyl trans 
2-( 3-hydroxy-4-methyl- l -octenyl )cycIopropane-l , l - 
dicarboxylate, described in Example 17 gives diethyl 
trans-2-{3-[(tetrahydropyran-2-yl)oxy]-- 
-methyl- 1 -octenyl} -cyclopropane-l , 1-dicarboxylate, 
SWIM" 1035, 1140, 1220 cm“, and dimethyl trans-2 
(4-ethyl-3-hydroxy- l -decenyl)cyclopropane- l , l -dicar 
boxylate, described in Example 24, gives dimethyl 
trans-2-{4-ethyl-3-[ ( tetrahydropyran-Z-yl )oxy]- l - 
decenyl }cyclopropane-l , l -dicarboxylate. 

40 

45 

55 
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EXAMPLE 42 

Trimethyl cis-3-heptene-l,l,7-tricarboxylate (5, R1 
and R8 = CH;;, Z = -CH = CHCHZ- and m = 2) 

Dimethyl malonate (39.6 g) is added slowly with 
cooling and stirring to a solution of 6.9 g of sodium dis 
solved in 100 ml of absolute methanol and the mixture 
stirred for 15 min. The bromoester of formula 9, 
methyl cis-7-bromo-5-heptenoate (65.7 g) is added 
dropwise. The mixture is heated at re?ux for 1 hr., 
cooled and diluted with water. The mixture is extracted 
with ether. The ether extracts are dried (Na2SO',',) and 
concentrated. The residue is distilled under reduced 
pressure to give the title compound, b.p. 140° — 
l50°C/0.7 mm. 
The title compound is also described in copending 

application Serial No. 238,650, ?led Mar. 27, 1972. 
In the same manner but replacing methyl cis-7 

bromo-S-heptenoate with an equivalent amount of 
methyl 7-bromo-4-heptenoate, methyl 6-bromo-4-hex 
enoate, methyl 6-bromo-3-hexenoate, methyl 5-bromo 
3-pentenoate, methyl 5-bromo-2-pentenoate, methyl 
7-bromoheptanoate, methyl 6-bromohexanoate or 
methyl 5-bromohexanoate, trimethyl 4-heptene-l,l,7 
tricarboxylate, trimethyl 3-hexene-l,l,6-tricarboxy 
late, trimethyl 4-hexene-l,l ,6-tricarboxylate, trimethyl 
3-pentene-l,l,5-tricarboxylate, trimethyl 4-pentene 
l , l ,S-tricarboxylate, trimethyl heptane-l , l ,7-carboxy 
late, trimethyl hexane-l,l,6-tricarboxylate and tri 
methyl pentane-l,1,5-tricarboxylate are obtained, re 
spectively. 
By using the corresponding ethyl or other lower alkyl 

ester analogs of the methyl ester starting materials 
noted above, the corresponding ethyl or other lower 
alkyl esters of the methyl ester proudcts, noted above, 
are obtained. 
The following example discloses an alternative prep 

aration of the above "A4 triesters of formula V. 
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EXAMPLE 43 

Triethyl cis-4-heptene-1,l,7-tricarboxylate (5, R1 and 
R8 = C2H5, Z =CH2CH=CH- and m = 2) 

For the following reaction, butyric acid triphenyl 
phospll/onium bromide, m.p. 245° — 246°C, is prepared 
by treating -y-bromobutyric acid (100 g) with triphenyl 
phosphine in benzene (630 ml) at re?ux temperature 
for 16 hr. and recrystallizing the resulting precipitate 
from ethanol. 
Sodium hydride (50%, 19.46 g) is dissolved in di 

methylsulfoxide (404 ml) with warming (70° - 80°C) 
under a nitrogen atmosphere. The solution is cooled to 
15° to 20°C. A solution of butryic acid triphenylphos 
phonium bromide (86.99 g) in dimethylsulfoxide is 
added. The mixture is stirred at the latter temperature 
for 5 min. and then treated dropwise with (2-formyle 
thyl)malonic acid diethyl ester (39.7 g), described by 
Warner and Moe, cited above, over a period of 20 min. 
The mixture is stirred at room temperature for 21/2 hr. 
and then cooled ( 10° — 20°C) and rendered acidic with 
acetic acid (60 ml). The reaction mixture (pH = about 
6) is poured into 2% liters of ice water. After extraction 
with ether (2x), the aqueous layer is rendered acidic 
with concentrated hydrochloric acid to pH = 3 and ex» 
tracted with ether (2x). The ether extracts are com 
bined and washed with water (2x), then extracted with 
10% Na2CO3 solution (3 X 200 ml). The aqueous so 
dium carbonate extracts are washed with ether (2x) 
and rendered acidic with cone HCl to pH 5. The acidic 
solution is extracted with ether (2x). The ether extracts 
are washed with water, dried and concentrated to dry 
ness to give 1,1-diethyl cis-4-heptene-1,l,7-tricarboxy~ 
late. 
The latter compound (21.4 g) in absolute ethanol 

(214 ml) is heated at re?ux with p-toluenesulfonic acid 
(0.214 g) for 20 hr. After cooling to room temperature 
the reaction mixture is treated with 4 ml of pyridine 
and then diluted with water (750 ml). The mixture is 
extracted with ether. The ether extract is washed with 
water, dried (MgSO4) and concentrated to give the title 
compound, 'Ymar?lm 1735 cm“. 

In the same manner other A4-triesters of formula 5, 
namely triethyl 4-hexene-1,1,6-tricarboxylate and tri 
ethyl 4-pentene-l,1,5-tricarboxy1ate, are prepared by 
replacing butyric acid triphenylphosphonium bromide 
with propionic acid triphenyl phosphonium bromide 
and acetic acid triphenyl phosphonium bromide, re 
spectively. 

EXAMPLE 44 

Dimethyl cis, 
trans-3-(6-carbomethoxy-2-hexenyl)-4-(3-hydroxy 

4,4-dimethyl-1-octenyl)-2-oxo—1 ,3-cyclopentanedicar 
boxylate (6, m =2, n = 3, Z = —CH=CHCH2—, R1, R“, 

R“, R5 and R8 = CH, and R2 and R7 = H) . 

To a solution of trimethyl cis-3-heptene-1,1,7-tricar 
boxylate (1.36 g), described in Example 42, in 3 ml of 
methanol, a freshly prepared solution of sodium meth 
oxide (from 0.126 g of sodium and 6 ml of absolute 
methanol) is added. The mixture is heated to 80°C. A 
solution of dimethyl trans-(4,4-dimethyl-3-hydroxy-1 
octenyl)cyclopropane-1,l-dicarboxylate (1.7 g) is 
gradually added to the mixture and the resulting mix 
ture stirred for an additional 15 min. The methanol is 
removed by distillation at reduced pressure. The resi 
due is then heated at 100°C for 45 min. Thereafter the 

26 
mixture is cooled in an ice bath and rendered neutral 
with acetic acid The mixture is extracted with ether. 
The extract is dried (NazSO4) and concentrated. Chro 
matography of the residue on silica gel using ethyl ace 

5 tate-benzene (1:4) as eluant gives the title compound, 
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nmr (CDCl38 0.88 (3Xm, 9H), 3.68 — 3.8 (3Xm, 9H), 
5.5 (2Xm, 4H). 

EXAMPLE 45 

Diethyl cis, 
trans-3-(6-carboethoxy-2-hexenyl)-4—(3-hydroxy-3 

methyl-1-0ctenyl)-2-oxo-1 ,3-cyclopentaedicarboxylate 
(6, m = 2, n = 3, Z = -CH=CHCH2-, R‘, R5 and R8 = 

C2H5, R2 = CH3, R3, R4 and R7 = H) 

To a mixture of the compound of formula 4, diethyl 
trans-2- 3~[(tetrahydropyran~2-yl)oxy]-3-methyl-1 
octenyl cyclopropane-l,l-dicarboxylate (20.4 g), de~ 
scribed in Example 41, and the compound of formula 
5, triethyl cis-3-heptene-1,1,7-tricarboxylate (15.08 g), 
described in Example 42, a solution of 1.27 g of sodium 
in 50 ml of methanol is added at room temperature. 
The methanol is removed under slightly reduced pres 
sure. The residue is heated at 135° - 140°C for 1 hr. 

while keeping a slightly reduced pressure in the reac 
tion flask. Saturated NaCl solution is added and the 
mixture rendered neutral with acetic acid. The mixture 
is extracted with ether. The extract is dried (Na2SO4) 
and concentrated. Chromatography of the residue on 
silica gel [eluant = ethyl acetate-benzene (1:4)] yields 
diethyl cis, trans-3-(6-carboethoxy-2-hexenyl)-4-{3~ 
[(tetrahydropyran-Z-yl)oxy]~3~methyl~l-octenyl -2-} 
oxo-l,3-cyclopentanedicarboxylate, SMIE‘OH 291 nm e 
= 13,400) in the presence of‘ base (NaOH). 
A solution of the latter compound (10.5 g) in 80 ml 

of methanol-water (9:1) and 1.0 g of p-toluenesulfonic 
acid monohydrate is left at room temperature for 15 
min. and then rendered neutral with aqueous NaHCO3. 
The methanol is evaporated and after addition of satu 
rated NaCl, the mixture is extracted with ether. The 
ether layer is dried (Na2SO4). Evaporation of the sol 
vent gives a residue, which on puri?cation by chroma 
tography on silica gel affords. the title compound, nmr 
(CDCl;,) 8 0.84 (t, J=6, 3H),.1.22(2><m, 6H), 4.16 (m 
6H), 5.35 (m, 2H), 5.56 (m, 2H). 
By following the procedures of Examples 44 and 45 

and using the appropriate compounds of formulae 4 
and 5 as starting materials, other cyclopentanoetriest 
ers of formula 6 are obtained. 
For example, the use of the compound of formula 4, 

diethyl trans-2-{3-[(tetrahydropyran-Z-yl)oxy]-3 
methyl-l-octenyl} cyclopropane-l ,l-dicarboxylate, de 
scribed in Example 41, and the compound of formula 
5, triethyl heptane-l,1,7-tricarboxylate, described in 
Example 42, in the procedure of Example 45 gives di 
ethyl trans-3-(6-carboethoxyhexanyl)-4-(3-hydroxy-3 
methyl~1-octenyl)-2-oxo-1,3-cyclopentanedicarboxy 
late, 'ymu?‘m 3500, 1725 cm", nmr (CDCl;,) 8 0.88 (t, 
3H), 4.17 (m, 6H), 5.64 (m, 2H), via the intermediate 
diethyl trans-3-(6-carboethoxyhexanyl)-4-{3-[(tet 
rahydropyran-2-y1)oxy]-3-methyl-l-octenyl}-2-oxo 
1,3-cyclopentanedicarboxylate, SWIM" 1730 cm". 
Likewise, the use of diethyl trans-2{3-[(tetrahydro 

pyran-2-yl)oxyl-4-methyl-1-octenyl}-cyclopropane 
1,1-dicarboxylate and triethyl cis-3-heptene-1,1,7 
tricarboxylate gives diethyl cis, trans-3-(6-carboe 
thoxy-2-hexenyl)-4-(3-hydroxy-4-methyl-1-octenyl)-2 
oxo-l ,3-cyclopentanedicarboxylate, 'ymaf'm 3500 
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NO. OF EXAMPLE 
IN WHICH 
STARTING STARTING MATERIAL 

MATERIAL OF OF PRODUCT: (PREFIX LISTED 
FORMULA 4 FORMULA 5 BELOW)-2-OXO-I,3-CYCLO 

EX. IS DESCRIBED Z m R1 and R“ PENTANEDICARBOXYLATE 

(5-carboethoxy-3 
pentenyl)-4-(4~ethyl-3 
hydroxy-3'propyl-1 
octenyl) 

65 38 (CH2),v 0 CH3 dimethyl trans-3-(4 
. carbomethoxybutyU-4 

(4-ethyl-3-hydroxy~3 
methyl- 1 -decenyl) 

66 39 CI-I=CHCH2 1 C2H5 diethyl cis, trans43 
(5—carboethoxy-2 
pentenyI)-4-(3-ethyl 
3Ahydroxy-4-propyl- I - 
heptenyl) 

67 40 CHZCH=CH 2 CH3 dimethyl cis, trans-3 
(6-carbomethoxy-3 
hexenyl )-4-( 3-hydroxy 
3,4-dipropyl- I -nonenyl) 

EXAMPLE 68 

trans, 
cis-7-[2-(3~l-lydroxy-3-methyl~1-octenyl)-5-oxocy 

clopentyl]-5-heptenoic Acid (1, m = 2, n = 3, X and Y 
= 0, Z = CH=CHCH2, R‘, R3 and R4 = H and R2 = 

CH3) 
The cyclopentanonetriester of formula 6, diethyl cis, 

trans~3-( 6-carboethoxy-2-hexenyl )-4-( 3-hydroxy-3 
methyl-l-octenyl)-2-oxo-1 ,3-cyclopentanedicarboxy 
late (11.2 g), described in Example 45, is heated to re 
?ux for 1 hr. in a solution of sodium hydroxide (13.4 g) 
in 80 ml of water and 1 10 ml of methanol. The mixture 
is cooled, adjusted to pH 5 with 2N HCl, diluted with 
saturated sodium chloride solution and extracted with 
ether. The ether extract is dried (Na2SO4) and concen 
trated. Chromatography on silica gel yields the title 
compound V,,,,,ICHC‘3 3580, 1740, 1720 cm“, nmr‘ 
(CDC13) 8 0.88 (t, J= 5, 3H), 1.28 (s, 3H), 5.3 — 5.75 
(m, 4H), 6.3 (2X5, 2H). 
By following the procedure of Example 68 and using 

the appropriate cyclopentanonetriester of formula 6, 
for example those described in Examples 45 to 67, then 
other compounds of formula 1 in which X and Y to 
gether represent oxo and R1 is hydrogen are obtained. 
For example, the use of the cyclopentanonetriester of 

formula 6, diethyl trans-3-( 6-carboethoxyhexanyl)-4 
(3-hydroxy-3-methyl- 1-octenyl)-2-oxo- 1 ,3-cyclopen 
tanedicarboxylate, described in Example 45, in the pro 
cedure of Example 68, gives trans-7-[2-(3-hydroxy-3 
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methyl- 1 -octenyl )-5-oxocyc1opentyl ] heptanoic acid, 
nmr (CDCI3) 5 0.88 (t, 3H), 5.52 (m, 2H), 6.6 (broad 
singlet, 2H). 
Likewise, the use of diethyl cis, trans-3-(6-carboe 

thoxy-2-hexenyl)-4-( 3-hydroxy-4-methyl- l -octenyl ) -2 
oxo-1,3-cyc1opentanedicarboxylate, described in Ex 
ample 45, gives trans; cis-7-[2-(3-hydroxy-4-methyl-1 
octenyl)-5-oxocyclopentyl]S-heptenoic acid, 'ymux?lm 
3450, 1725, 1710 cm“. 
Likewise, the use of diethyl cis, trans-3-(6-carboe 

thoxy-3-hexeny1)-4-(3-hydroxy-3-methyl-1-octenyl)-2 
oxo-l,3-cyclopentanedicarbolxylate, described in Ex 
ample 45, gives trans, cis-7-[2-( 3-hydroxy-3-methyl-l 
octenyl)-5-oxocyclopentyl]-4-heptenoic acid, 'ynm?lm 
3620, 3000, 1740, 1720 cm“, nmr (CDCI3) 8 0.89 (t, 
J = 5, 3H), 2.4 (4H), 5.4 (m‘, 2H), 5.65 (m, 2H), 5.9 
(broad sinlet, 2H). 
Likewise, the use of dimethyl cis, trans-3-(6-car 

bomethoxy-2-hexenyl)-4-( 3-hydroxy-4,4-dimethyl- 1 - 
octenyI)-2-oxo-1 ,3-cyc1opentanedicarboxylate, de 
scribed in Example 44, gives trans, cis-7-[2-(3 
hydroxy-4 ,4-dimethyl- 1 -octenyl )-5-oxocyclopentyl ] ~5 
heptenoic acid, 'ynm?‘m 3400 - 3000, 1730, 1710 cm“, 
nmr (CDCl;,) 8 0.85 (m 9H), 3.9 (m, 1H), 5.42 (m, 
2H), 5.68 (m, 2H), 6.75 (broad s, 2H). 
Further examples of such compounds of formula 1 

are listed in Table IV together with the requisite cy 
clopentanonetriesters starting material, the latter com 
pound being noted by the example describing its prepa 
ration. 

TABLE IV 

NO. OF EXAMPLE IN 
WHICH 

CYCLOPENTANONETRIESTER 
EXAMPLE OF FORMULA 4 IS PRODUCT: 

69 

70 

71 

72 

73 

PREPARED ' 

46 trans-7-[2-(4-ethyI-3-hydroxy 
1-hepteny[l)-5-oxocyclopentyl] 
heptanoic acid 
trans. cis~6~[2'( 3-hydroxy' 
4-propyl-l.-nonenyl)-5-oxocyclo 
pentyl1-4-hexenoic acid 
trans, cis-S-l 2-(4-ethyl-3 
hyd roxy- I -decenyl )-5 -oxocycIo-' 
pentyl]-2-_'pentenoic acid 
trans-6-[ 2-( 3-hydroxy-4-methyl 
I-heptenyl)-5-oxocyclopentyl] 
hexanoic acid 
trans, cis~7-[2-( 3-hydroxy-4~ 
methyl- 1 -m0nenyl )-5-oxocyclo 

47 

49 

50 
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TABLE IV-continued 

32 

NO. OF EXAMPLE IN 
WHICH 

CYCLOPENTANONETRIESTER 
EXAMPLE OF FORMULA 4 1S PRODUCT: 

PREPARED 
pentyll-S-heptenoic acid 

74 51 trans. cis-6-l2-(4-ethyl-3 

pentyl l-3-hexenoic acid 
75 52 trans-5 -[ 2-( 4-ethyl-3-hyd roxy~ 

l-decenyl )-5-oxocyclopentyl]— 
pentanoic acid 

76 53 trans. cis-6-[2-(3-hydroxy-4 

pentyl]-4-hexenoic acid 
77 54 

pentyl I-4-heptenoic acid 
78 55 trans-6-[2-(4,4-dimethyl-3~ 

hydroxy-1-decenyl)-5-oxocyclo 
pentyl lhexanoic acid 

79 56 trans, cis-5-[2-(4-ethyl-4 
methyl-3-hydroxy- l -decenyl )-5 
oxocyclopentyll-3-pentenoic acid 

80 57 trans, cis-6-[2-(4-methyl~3 

81 58 trans-7-[ 2-( 3-hydroxy-4,4-dipropyl 

heptanoic acid 
59 trans-74 2-( 3-hydroxy-3~methyl' 

l-heptenyl )-5-oxocyclopentyl ] 
heptanoic acid 

83 60 trans, cis-6-[ 2»( 3-ethyl-3~hydroxy 

4-hexenoic acid 
84 I 61 trans. cis-5-l 2-( 3-hydroxy-3— 

propyl- l-decenyl )-5-oxo cyclopent~ 
yl ]~2-pentenoic acid 

85 trans-6-l 2-( 3-hydroxy-3 ,4—dimethyl 
l-heptenyl )~5-oxocyclopentyl ] 
hexanoic acid 

86 63 trans,cis-7-[ 2-( 3-ethyl-3 -hydroxy 

pentyll-S-heptenoic acid 
37 ‘ 64 

pentyll-B-hexenoic acid 
88 65 trans-5 ~[ 2-( 4-ethyl-3-hydroxy 

pentyl lpentanoic acid 
89 66 trans,cis-6—l2-( 3-ethyl-3-hydroxy 

4-propyl- l —heptenyl )-5-oxocyclo 

pentyl ]-4-hexenoic acid 
90 67 trans,cis-7-[ 2-( 3-hydroxy-3 ,4 

pentyl ]-4-heptenoic acid 

EXAMPLE 91 

Methyl trans, 
cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octeny1)-5-ox0cy 
cl0pentyl]-5 -heptenoate ( 1; m =2, n = 3, X and Y = 0, 
Z = CH=CHCH2, R‘ , R3 and R4 = CH3 and R2 = H) 

The compound of formula 1, trans,cis~7-[2-(3 
hydroxy-4, 4-dimet'hyl-1-octenyl)-5-oxocyclopentyl] 
S-heptenoic acid (11.1 g), described in Example 68, is 
dissolved in 44 ml of absolute methanol containing 2% 
perchloric acid. The solution is kept at room tempera 
ture for 30 min. Thereafter the mixture is rendered 
neutral with 10% Na2CO3 and concentrated. The resi 
due is diluted with water and shaken with ether. The 
ether layer is washed with water, dried (MgSO4) and 
concentrated yield the title compound, ynmm'" 3600 — 
3400, 1730, 1710 cm“. 
The latter compound is a mixture of epimers with re 

spect to the asymmetric carbon to which the hydroxy 
group is attached, each epimer being a racemate con 
sisting of a d 1 pair of stereochemical isomers. By sub 
jecting the preceding product to chromatography on 
silica gel using ethyl acetate-benzene (1:4) as eluant, 

50 

55 

60 

65 

the product is separated into its two epimeric forms 
which are arbitrarily designated lsomer A (least polar 
isomer) and lsomer B (most polar isomer); the polarity 
being determined by the order in which these epimers 
are eluted. lsomer A: 'Ymax‘?lm 3470, 1730 cm-1, nmr 
(CDC13) 8 0.85 (9H), 3.68 (s, 31-1), 3.82 (m, 1H), 5.4 
— 5.7 (m, 41-1), Rf=0.88 on thin layer plates of silica gel 
when using ethyl acetate-benzene (2:3) as the mobile 
phase. 
lsomer B: ynm?‘m 3470, 1730 cm“, nmr (CDCl_»,) 8 

3.67 (s, 31-1), 3.82 (m, 1H), 5.41 (m, 2H), 5.66 (m, 
2H), Rf= 0.69 on thin layer plates of silica gel when 
using ethyl acetate-benzene (2:3) as the mobile phase. 

In the same manner but using the appropriate choice 
of the compound of formula 1 and lower alkanol, other 
corresponding esters of formula l (R1 = lower alkyl) 
are prepared; for example, the corresponding lower 
alkyl esters of the products of Table 1V. More speci? 
cally exempli?ed, the choice of trans-7-[2-(3-hydroxy 
3 -methyl- 1 -octenyl )-5-o xocyclopentyl ]heptanoic acid, 
described in Example 68, as the compound of formula 
1 and methanol as the lower alkanol in the procedure 
of this example give methyl trans-7-[2-(3-hydroxy-3 
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methyl- 1 -octenyl)-5-oxocyclopenthyl]heptanoate, 
'ym‘M'm 3475, 1730 cm", nmr (CDCla) 8 0.89 (t, 3H), 
3.64 (s, 3H), 5.61 (m, 2H). 
Likewise, the choice of trans.cis-7-[2-(3-hydroxy-3 

methyl- 1~octenyl)-5~oxocyclopentyl]-5-heptenoic acid 
described in Example 68, and methanol, gives methyl 
trans, cis-7—[2-( 3-hydroxy-3-methyl- 1 -octenyl )-5 
oxoclyclopentyl]-5-heptenoate, y,,,,,,”"" 1738, 1730 
cm . 

Likewise, the choice of trans,cis-7~[2-(3-hydroxy-4 
methyl- 1-octenyl)-5-oxocyclopentyl]-5-heptenoic acid 
and methanol gives methyl trans, cis-7-[2-( 3-hydroxy 
4-methyl- 1 -octenyl )-5 ~oxo cyclopentyl ]-5 -heptenoate, 
ynmm'" 1732 cm“1,nmr (CDCl;,) 8 3.65 (s, 3H), 5.25 — 
5.75 (m, 4H). 
Likewise, the choice of trans, cis-7-[2-(3-hydroxy-3 

methyl- 1 -octenyl)-5-oxocyclopentyl]-4-heptenoic acid 
and ethanol gives ethyl trans, cis-7-[2-(3-hydroxy-3 
methyl- 1 -octenyl)~5-oxocyclopentyl]-4-heptenoate, 
ynm?lm 1740, 1732 cm“. 

EXAMPLE 92 

Methyl trans, . 
cis-7-[ 2-hydroxy-5-( 3-hydroxy-4,4-dimethyl- l -‘ 

octenyl)cyclopentyl]-5-heptenoate (1; m = 2, n = 3, X 
= OH, Y = H, Z = CH=CHCH2, R‘, R3 and R4 = CH, 

and R2 = H) r 

A solution of borane (11 ml of 1M soln.) in THF is 
added to a solution of pinene (2.99 g) in dry diglyme 
(8.0 ml) at ——10°C (bath temp.) in a N2 atmosphere. 
The mixture is stirred for 10 min. then cooled to 
—-78°C. To this mixture tert-butyl lithium (5.5 ml, 2.1 
molar in pentane) is added slowly, maintaining the 
temp. of the reaction at —-78°C. After stirring for 10 
min., a solution of methyl trans, cis-7-[2-(3-hydroxy 
4,4-dimethyl-l-octenyl)-5-oxocyclopentyl]-5-hepteno 
ate, Isomer B (1.37 g), described in Example 91, in di 
glyme-THF (8.8 ml, 1:07) is added to the mixture. The 
temperature is maintained at —78°C for 1 hour. The 
cooling bath is removed and, the reaction is quenched 
by adding 10% sodium hydroxide solution (8 ml) and 
30% hydrogen peroxide solution (8 ml). The mixture is 
then diluted with water and extracted with ether. The 
ether extract is washed with water and 3% HC] soln. to 
render it neutral, dried (MgSO4) and concentrated to 
yield the title compound (lsomer B) 'ymu?'" 3600 
-3440, 1730 — 1720 cm“. This product is a mixture of 
epimerswith the respect to the asymmetric carbon of 
the'cyclopentane ring to which the hydroxy group is at 
tached, each epimer being a racemate consisting of a d 
1 pair of stereochemical isomers. The product is sepa 
rated into these two epimers by subjecting it to chroma 
tography on silica gel (135 g) using ethyl acetate-ben 
zene ( 1:4) as eluant. In this manner the product is sepa 
rated into a ?rst epimer (less polar) and a second epi 
mer (more polar): , 

‘ Less polar epimer ynmm'" 3400, 1730 - 1720 emf‘, 
nmr (CDCl;,) 8 0.88 (m, 9H), 3.68 (s, 3H), 3.79 (m, 
1H), 4.2m, 1H), 5.5 (m, 4H), Rf= 0.52 on thin layer 
plates of silica gel when using ethyl acetaterbenzene 
(2:3) as the mobile phase. _ v 

More polar epimer y,,,,,,“"" 3400, 1726 cm“, ‘nmr 
(CDCl,,) 8 0.88 (m, 9H), 3.67 - 3.95 (m, 5H), 5.52 (m, 
4H), Rf = 0.41 on thin layer plates of silica gel when 
using ethyl acetate-benzene (2:3) as the mobile phase. 
Comparative date with the nmr spectra of known hy 

droxyprostaglandin derivatives, for example see ‘I. F. 
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Bagli and T. Bogri, Tetrahedron Letters, 1639 (1969), 
and the order of elution of known hydroxyprostaglan 
din derivatives, see for example J. E. Pike, et al., J. Org. 
Chem., 34, 3552 (1969 ), indicate that the C-2 hydroxy 
group and the C-1 acid side chain of the above less 
polar epimer have a cis relationship whereas the C-2 
hydroxy group and the C-1 acid side chain of the above 
more polar epimer have a trans relationship. 

In other words the date indicate that the less polar 
epimer is racemic methyl trans, cis-7-[2a.hydroxy~5 
(3-hydroxy-4,4-dimethyl- l-octenyl)cyclopentyl]-5 
heptenoate and the more polar isomer is racemic 
methyl trans, cis~7-[ZB-hydroxy-S-(3-hydroxy-4,4 
dimethyl- l-octeny1)cyclopentyl]-5-heptenoate. 

In the same manner but replacing methyl trans, cis-7 
[2-( 3-hydroxy-4,4-dime thyl- l--octenyl )-5-oxocy 
clopentyl1-5-heptenoate, Isorner B, with the corre 
sponding Isomer A, described in Example 91, Isomer A 
of the title compound is obtained, ynm?l’" 3600, 1732 — 
1720 cm“, which in turn can be separated into its less 
polar and more polar epimer. The less polar epimer is 
Isomer A, reacemic methyl trans, cis-7-[2a-hydroxy-5 
(3-hydroxy-4,4-dimethyl-1-octenyl)cyclopentyl]-5 
heptenoate [nmr (CDCl;,) 8 4.2]has a Rf= 0.68 on thin 
layer plates of silica gel using ethyl acetate-benzene 
(2:3) as the mobile phase and the more polar epimer of 
Isomer A, racemic methyl trans, cis-7-[2B-hydroxy-5 
( 3-hydroxy-4,4-dimethyl- 1-octenyl)cyclopentyl]-5 
heptanoate [nmr (CDCl;,) 5 3.7 — 3.9]has a Rf= 0.47 
on silica gel plates using ethyl acetate-benzene (2:3) as 
the mobile phase. , 1 

In the same manner but using the appropriate oxo 
compound of formula 1, other corresponding hydroxy 
compounds of formula 1 in which X is hydroxy, Y is hy 
drogen and R1 is lower alkyl are prepared; for example, 
the corresponding lower alkyl esters of the hydroxy 
compounds of the products of Table IV. I 
More speci?cally exempli?ed the choice of the‘oxo 

compound of formula 1, methyl trans-7-[2-( 3-hydroxy 
3-methyl- l-octenyl )-5-o xocyclopentyl ]heptanoate, de 
scribed in Example 91, in the procedure of this exam 
ple gives methyl trans-7-[2-hydr'oxy-5-( 3-hydroxy-3 
methyl-1-octenyl)cyclopentyl]-heptanoate, ‘ 8 11"" 

.3410, 1730 cm“. 
Likewise, the choice of methyl trans, cis-7-[2-(3 

hydroxy-3-methyl- l -octenyl)-5-oxocyclopentyl ]-5 
heptenoate, gives methyl trans, cis-7-[2-hydroxy-5-(3 
hydroxy-3 -methyl- 1 -octenyl )cyclopentyl ]-5-hepteno 
ate, 'ymujll’" 3600, 1735 cm‘“, which can be separated 
into its less polarand more polar epimer. The less polar 
epimer, racemic methyl trans, cis-7-[2a-hydroxy-5-(3 
hydroxy~3 -methyl- 1 -octenyl )cyclopentyl 1-5-hepteno 
ate [nmr (CDCI3) 6 4.28]has a Rf= 0.36 on silica gel 
thin layer plates using ethyl acetate-benzene (3:7) as 
the mobile phase and the more polar epimer racemic 
methyl trans,-cis-7-[2B-hydroxy-5-(3-hydroxy-3-meth 
yl-l-octenyl)cyclopentyl]-5-heptenoate [nmr (CDCl;,) 
8 3.90]has a RF = 0.28 on silica gel thin layer plates 
using the same mobile phase. 

‘ Likewise, the choice of methyl trans,cis-7-[2-(3 
hydroxy-4-methyl-l-octenyl)--5-oxocyclopentyl]-5 
heptenoate, described in Example 91, gives methyl 
trans, cis-7-[ 2-hyd roxy-5-( 3-hydroxy-4-methyl- l 
octenyl)cyclopentyl]-5-heptenoate, 'ynm?‘m, 3600, 
1732 cm". 

Likewise, the choice of methyl trans,cis-7-[2-(3 
hydroxy-3 -methyl- 1 -octenyl )-5-oxocy clopentyl ]-4 
heptenoate, described in Example 91, gives methyl 
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trans, cis-7-[2-hydroxy-5-(3-hydroxy-3-methyl-l 
octenyl)cyclopentyl]-4-heptenoate, ymum'" 3600, 
1730 cm“, which can be separated into its less polar 
and more polar epimer. The less polar epimer, racemic 
methyl trans, cis-7-[2a-hydroxy-5-(3-hydroxy-3-meth 
yl-1-octenyl)cyclopentyll-4-heptenoate has nmr 
(CDCl;,) 8 2.38 (411), 4.28 (1H), 5.5 (4H) and the 
more polar epimer racemic methyl trans, cis-7-[2B 
hydroxy-5-( 3-hydroxy-3-methyl-1.-octenyl )cyclopen 
tyl]-4-heptenoate has nmr (CDCl3) 8 2.4 (4H), 3.98 
(11-1), 5.57 (41-1). 

EXAMPLE 93 

trans,v 
cis-7-[2-1-Iydroxy-5-(3-hydroxy-4,4-dimethyl-l 

octenyl)cyclopentyl]-5-heptenoic Acid (1), 1; m = 2, n 
= 3, X = 01-1, Y = H, Z = CH=C1-IC1-I2, R1 and R2 = H 

and R3 and R‘ = CH;,) 

To a solution of trans, cis-7-[2-hydroxy-5-(3 
hydroxy-4,4-dimethyl-1-octenyl)cyclopentyl1-5-hep 
tenoate (0.536 g, Isomer B less polar epimer), de 
scribed in Example 92, in methanol (5 ml) is added a 
solution of sodium hydroxide (10%, 1.32 ml). The mix 
ture is stirred for 18 hr. The solvent is removed under 
reduced pressure and the residue taken up in water and 
extracted with ether. The aqueous liquor is then ren 
dered acidic with HCl (10%, 1.32 ml). The precipitate 
is taken up with ether. The ether extract is washed with 
water, dried (Na2SO4) and the solvent is removed to 
yield the title compound, Isomer B less polar epimer, 
nmr (CDCl,) 8 0.84 (m, 91-1), 3.80 (m, 1H), 4.23 (m, 
111), 5.27 (broad, ‘31-1), 5.5 (m, 41-1), (i.e., racemic 
trans, cis-7-[2a-hydroxy-4,4-dimethyl-1-octenyl)cy 
clopentyll-S-heptenoic acid). 

In the same manner the lsomer B-more polar epimer, 
lsomer A-more polar epimer and the Isomer A-less 
polar epimer of methyl trans, cis-7-[2-hydroxy-5-(3 
hydroxy-4,4-dimethyl- 1 »octenyl )cyclopentyl ]~5-hep 
tanoate, described in Example 92, are converted to the 
respective Isomer B-more polar epimer, lsomer A 
more polar epimer and the Isomer A-less polar Isomer 
of the title compound. . 

In the same manner but using the appropriate ester 
compound of formula 1 in which X is hydroxy, Y is hy 
drogen and R1 is hydrogen are prepared; for example 
the corresponding hydroxy compounds of the products 
of Table IV. 
More speci?cally exempli?ed, the choice of methyl 

trans-7-[2-hydroxy-5-(3-hydroxy=3-methy1-1-octenyl) 
cyclopentyllheptanoate, described in Example 92, in 
the procedure of this example gives trans-7-[2 
hydroxy-5-(3-hydroxy-3-methyl-1-octenyl)cyclopen 
tyl]heptanoic acid, nmr (CDCla) 8 0.9 (t, 31-1), 4.0 — 4.3 
(m, 11-1), 5.5 (m, 21-1). ' 
Likewise, the choice of methyl trans-7-[2-hydroxy-5 

(3-hydroxy-3-methyl- l -octenyl)cyclopentyl]heptano 
ate, more polar or less polar epimer, described in Ex 
ample 94, gives the respective more polar [nmr 
(CDCl;;) 8 3.95] and less polar epimer [nmr (CDCl:,) 8 
4.25] of trans-7-[2-hydroxy-5-(3-hydroxy-3-methyl-1 

' octenyl)-cyclopentyl]heptanoic acid. In other words 
trans-7-[2B-hydroxy-1 and trans-7-[2a-hydroxy-5-(3 
hydroxy-S-methyl-l -octenyl)cyclopentyl]heptanoic 
acid are obtained, respectively (see Example 92 for the 
significance of the nmr peaks). 
Likewise, the choice of methyl trans, cis-7-[2~ 

hydroxy-5-(3-hydroxy-3-methyl-1-octenyl)cyclopen 
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36 
tyl]-5-heptenoate, described in Example 92, gives 
trans, cis-7-[2-hydroxy-5-(3-hydroxy-3-methyl-1 
octenyl)cyclopentyl]-5-heptenoic acid, 'ymumm 3610’ 
3450, 1718 cm“. 
Likewise, the choice of methyl trans, cis-7-[2 

hydroxy-5-(3-hydroxy-3-methyl-1-octenyl)cyclopen 
tyl]-5-heptenoate, more polar and less polar epimer, 
described in Example 92, gives the respective more 
polar [nmr (CDCl3) 8 3.95 (1H), 5.55 (21-1)] and less 
polar epimer [nmr (CDCl;,) 8 4.27 (1H), 5.5 (21-1)], 
namely trans, cis-7-[2B-hydroxy-5-(3-hydroxy-3-meth 
yl-1-octenyl)-cyclopentyl]-5-heptenoic acid and trans, 
cis-7-[2a-hydroxy-5-(3-hydroxy-3-methyl-l-octenyl) 
cyclopentyll-S-heptenoic acid respectively. 

Likewise, the choice of methyl trans, cis-7-[2 
hydroxy-5-( 3-hydroxy-4-methyl-l -octenyl )cyclopen 
tyll-5-heptenoate, described in Example 92, gives 
trans, cis-7-[2-hydroxy-5-(3-hydroxy-4-methyl-1 
octenyl)cyclopentyl]-5-heptenoic acid. 

Likewise, the choice of the less and more polar epi 
mer of methyl trans, cis-7-[2-hydroxy-5-(3-hydroxy-3 
methyl-1-octenyl)cyclopentyl]-4-heptenoate, de 
scribed in Example 92, gives the respective less and 
more polar epimer of trans, cis-7-[2-hydroxy-5-(3 
hydroxy-3-methyl- l -octenyl )cyclopen tyl ] -4 -heptenoic 
acid. In other words, trans, cis-7-[2a-hydroxy-5-(3 
hydroxy-3-methyl-1-octenyl)-cyclopentyl]-4-hep 
tenoic acid [nmr (CDCl:,) 8 4.28] and trans, cis-7-[2B 
hydroxy-5-(3-hydroxy-3-methyl-1-octenyl)cyclopen 
tyl]-4-heptenoic acid [nmr (CDCl;,) 8 3.98] are ob 
tained, respectively. 

EXAMPLE 94 

Methyl 
trans-7-[2-hydroxy-5-(3-hydroxy-3-methyl‘1-octenyl) 
cyclopentyl]heptanoate (1;, m = 2, n = 3, X = 01-1, Y 

= 11, Z = (Cl-12):” R‘ and R2 = CH3, R3 and R‘ = H) 

The compound of formula 3, methyl trans-7-[2-(3 
oxo-l-octenyl)-5-(trimethylsilyloxy)cyclopentyl1hep 
tanoate [3; R3 and R4 = H, n = 3 and L = radical B 

wherein Z = (Cl-12);” m = 2, R‘ = CH, and R6 = 

Si(CI-I3)3], -y,,,,,,'"'" 1737, 1678, 1625 cm“, nmr 
(CDCl:,) 8 0.12 (91-1), 0.9 (31-1), 3.68 (31-1), 4.24 (1H), 
6.5 (21-1), is prepared by treating the precusor to the al 
dehyde of formula L-CI-IO in which L is the radical B, 
2—(6-carboxyhexyl)cyclopentan-l-ol-3-al, prepared as 
described in copending Application Ser. No. 259,896, 
noted above, with 1.2 equivalents of both trimethyl 
chlorosilane and hexamethyldisilazane in T1-IF at 60°C‘ 
for 1 hour, followed by treatment of the resulting alde 
hyde of formula L--Cl-IO with dimethyl 2-oxoheptyl 
phosphonate according to the procedure of Example 2. 
Alternatively, the last named compound of formula 3 is 
prepared by treating methyl trans‘7-[2-(3-oxo-l 
octenyl)-5-hydroxycyclopentyllheptanoate, described‘ 
in U.S. Pat. No. , 3,455,992, issued July 15, 1969, with 
trimethylchlorosilane and hexamethyldisilazane in the 
same manner. 

The said last named compound of formula 3 (18.76 
g) in dry ether (80 ml) is cooled to —5°C and added to 
a solution of methyl magnesium iodide (prepared from 
1.23 g of magnesium turnings and 7.63 g of methyl io 
dide) in 100 ml of dry ether at —5°C. After 15 min. of 
stirring the reaction mixture is quenched with 10 ml of 
saturated ammonium chloride (10 ml) while maintain 
ing the temperature at —5° to 0°C. The mixture is di 

' luted with ether, washed with water, dried (NazSO4) 
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and concentrated to yield methyl trans-7-[2-(3 
hydroxy-3~methyl-l-octenyl)-5-(trimethylsilyloxy)cy 
clopentyl1heptanoate [4; R2 = CH3, R“, R4 and R7 = H, 
n = 3 and L = radical B wherein Z = (CH2)3, m = 2, R1 

= CH3 and R6 = S1(CH3)3], 7m” '“m 3400, 1740, 1712, 

1250, 848 cm“, nmr (CDCl3) 8 0.1 (9H), 0.92 (3H), 
1.3 (s, 3H), 3.7 (s, 3H), 5.5 (m, 2H) 
The latter compound (18.85 g) in THF (16.8 ml), 

water (47.2 ml) and acetic acid (25 ml) is stirred at 
room temperature for 2 hr. The mixture is cooled in an 

ice bath and rendered neutral by the careful addition of 
sodium carbonate (20 g). The mixture is extracted with 
ether‘. The ether extract is washed with water, dried 

(Na2SO4) and concentrated to yield the title com 
pound, 'ymar?‘m 3410, 1730 cm“, identical to the prod 
uct of the same name described in Example 92. This 

product is a mixture of epimers with respect to the 
asymmetric carbon of the cyclopentane ring to which 
the hydroxy group is attached. In the same manner as 

for the the title compound of Example 92, the present 
product is separated into a first epimer (less polar) .and 
second epimer (more polar): 
Less polar epimer: Swarm“ 3430, 1730 cm‘‘, nmr 

(CDCl;,) 8 0.90 (t, 3H), 3.68 (s, 3H), 4.2 (m, 1H), 5.55 
(m, 2H), ' 

More polar epimer: 7,“, m, m," 3350, 1730 cm“, nmr 
(CDCl3) 8 0.88 (t, 3H), 3.68 (s, 3H), 3.90 (m, 1H), 
5.55 (m, 2H). 
As discussed, in Example 92, comparative data with 

the spectra of known hydroxyprostaglandin derivatives 
indicate that the preceding less polar epimer is a race 
mic mixture of methyl trans-7-[2a-hydroxy-5-(3 
hydroxy-3-methyl-1-octenyl)cyclopentyl]heptanoate 
and that the preceding more polar isomer is racemic 
mixture of methyl trans-7-[28-hydroxy-5-(3-hydroxy 
3-methyl-l-octenyl)cyclopentyl1heptanoate. The re 
spective Rf’s of these two racemic mixtures are 0.44 
and 0.29 on thin layer ‘plates of silica gel when using 
ethyl acetate-benzene (1:4) as the mobile phase. 

In the same'rmannyer but replacing methyl magnesium 
iodide with an equivalent‘a‘mount of ethyl magnesium 
bromide or propyl magnesium bromide, methyl trans 
7-[2~(3_hydroxy-3-propylf1-octenyl)-5-hydroxycy 
clopentyl1-5-heptenoate and methyl ' trans-7-[2-(3 
hydroxy-3-propyl-1-octenyl)-5-hydroxycyclopentyl]~5 
heptenoate are obtained, respectively. 

In the same manner but replacing the compound of 
methyl trans-7-[2-(3-oxo-l-octenyl)-5 

(trimethylsilyloxy)cyclopentyl]-5-heptenoate, with the 
appropriate compound of formula 3 in which L is radi 
cal B, then other compound of formula 1 in which m, n, 
Z, R2, R3 and R4 are as defined in the ?rst instance X is 
hydroxy, Y is hydrogen and R1 is lower alkyl are ob 
‘tained; for example, the products of formula 1 in which 
R2 is methyl described in Example 92. More speci? 
cally exempli?ed, replacement of the compound of for 
mula 3 with methyl trans, cis-7-[2-(3-oxo-1-octenyl)-5 
](tetrahydropyran-Z-yl)oxy]cyclopentyl]-5-hepteno 
ate gives methyl trans,cis-7-[2-hydroxy-5-(3-hydroxy 
3-methyl-1-octenyl)cyclopentyl]-5 -heptenoate, de 
scribed in Example 92. 
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EXAMPLE 95 

Methyl 
trans-7-[2-(3-hydroxy-3-methyl-1-octenyl)-5-oxocy 

clopentyl]heptanoate (l; m = 2, n = 3, X and Y =0, Z 
= (CH2)3, R‘ and R2 = CH3 and R3 and R‘ = H) 

To a solution of dry pyridine (5.85 ml) in methylene 
chloride (135 ml, puri?ed by shaking with H2SO4, and 
dried over CaO, and distilled) is added chromic acid (4 
g) at 15°C. The mixture is stirred for 20 min. To this 
mixture is added a solution of the compound of formula 
1 in which R2 is methyl, methyl trans-7-[2-hydroxy-5 
hydroxy-(3-methyl-1-octenyl)cyclopentyllheptanoate, 
described in Example 92, in methylene chloride (50 
ml). The mixture is stirred for 1 hour. The reaction 
mixture is ?ltered and collected slurry on the filter pad 
is washed with more methylene chloride. The’ organic 
phase of the ?ltrate and washing are combined and 
washed with water, dried (Na2SO4) and the solvent 
concentrated, to yield the crude product. Chromatog 
raphy of the product on a silica gel column affords the 
title compound, identical to the product of the same 
name described in Example 91. 

In the same manner other compounds of formula 1 in 
which X is hydroxy, Y is hydrogen and R2 is lower al 
kyl, for example the other compounds of formula 1 in 
which R2 is methyl of Example 92, are oxidized to their 
corresponding compounds of formula 1 in which R2 is 
lower alkyl, for example methyl. 

EXAMPLE 96 

Methyl 
trans,cis-7-[2-(3-hydroxy-4,4-dimethyl-1-octenyl)5 

oxocyclopentyl]-5-heptenoate (l; m = 2, n = 3, X and 
Y = 0, Z = (Cl-12);” R‘ and R2 = CH, and R3 and R4 = 

H). 
A mixture of the compound of formula 3 in which L 

is the radical C, methyl trans-7-[2-(4,4-dimethyl-3 
oxo- 1 -octenyl)-5-oxocyclopentyl]-5‘heptenoate (2.5 g, 
'yma, m’" 1730 —- 1725, 1667, 1620 cm '1), ethylene gly 
col (360 mg) and p-toluenesulfonic acid (35 mg) in 50 
ml of benzene is heated at re?ux for 2.5 hr. Thereafter 
the mixture is extracted with ether. The ether extract is 
washed with water, dried (MgSO4) and concentrated 
under reduced pressure. The residue containing methyl 
trans, cis-7-[2-(ethylenedioxy)-5-(4,4-dimethyl-3-oxo 
1-octenyl)cyclopentyl]-5-heptenoate, 'ym, mm 1730, 
1667, 1620 cm“, is taken up in 20 ml of methanol and 
treated with sodium borohydride (350 mg) in small 
portions with st'irringwhich‘is continued for 30 ‘min 
utes. The solvent‘ris evaporatediunder reduced pres~ 
.sure, the residue taken up in ether, washed to neutrality 
with water, dried (MgSO4) - and the solvent concen 
trated under reduced pressure. The residue is chro 
matographed on silica gel (140 g). Elution with ethyl 
acetate-benzene (4:1) and concentration of the eluant 
affords methyl trans, cis-7-[2-(ethylenedioxy)-5-(3 
hydroxy‘4,4-dimethyl-l-octe:nyl)cyclopentyl]-5~hep 
tenoate, 'ym“ mm 3460, 1740, 950 cm‘l' 
The latter compound (50 mg) is dissolved in metha 

nol water (911) containing 20 mg of p-toluenesulfonic 
acid. This mixture is allowed to stand at room tempera 
ture overnight. The mixture isdiluted with ether and 
washed with water. The ether extract is dried (MgSO4) 
and the solvent evaporated under reduced pressure to 
yield the title compound, identical to the product of the 
same name described in Example 91. 






